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ABSTRACT Proton NMR studies at 360 MHz establish the 
binary Fe(II)-bleomycin complex to be paramagnetic with a 
spectrum covering 70 ppm. Addition of carbon monoxide gen- 
erates a stable, diamagnetic Fe(II)-bleomycin-CO complex that 
is a putative structural analog of the "active" Fe(II)-bleomy- 
cin-Oz complex. The following six groups have been determined 
to be coordinated to the Fe(II) ion from analysis of the highly 
resolved NMR spectra of this complex: CO, the primary and 
secondary amine nitrogens of the /3-aminoalanine moiety, the 
carbamoyl moiety on the 3-position of mannose, the pyrimidine 
N-l, and the imidazole N-l. The Fe(II)-bleomycin-CO complex 
binds to DNA, as shown by fluorescence quenching experi- 
ments, but Fe(II}-bleomycin-CO does not mediate thymine 
release. These results necessitate a major revision in the current 
model for metal coordination to bleomycin. 



The bleomycins (Fig. 1) are a class of glycopeptide antibiotics 
with strong antineoplastic activity (1). They are isolated from 
Streptomyces verticillus as copper(II) complexes (2) and also 
show high affinities for the divalent ions of iron, nickel, cobalt, 
and zinc. The Fe(II)-bleomycin complex, in conjunction with 
reducing agents and oxygen, causes the degradation of DNA 
via strand scissions with the concomitant release of free bases 
(3-5). A two-step mechanism has been suggested for this re- 
action, involving the intercalation of the bithiazole moiety into 
DNA followed by the decomposition of a labile Fe(II)- 
bleomycin-02 complex to generate Fe(III)-bleomycin and 
either hydroxyl or superoxide radicals that can then degrade 
the DNA (6, 7). Investigations into the structural properties of 
the Fe(II)-bleomycin-02 complex are hampered by its rapid 
decomposition (8, 9). NMR studies have focused primarily on 
the binary complex with diamagnetic Zn because it yields 
highly resolved spectra (10-13). Obviously the coordination in 
binary complexes must differ from the "active" Fe(II)- 
bleomycin-02 complex because O2 has become a ligand. Ac- 
cording to the current model, this is accomplished by O2 
coordinating to Fe(II) in place of the 3-carbamoyl moiety on 
the mannose (7). This model, however, has serious potential 
deficiencies. It is based on an extrapolation from the x-ray 
structure of a binary Cu(II) complex of a putative biosynthetic 
precursor of bleomycin designated P-3A (14), a compound that 
lacks many of the ligating atoms ostensibly involved in the 
binding of metals to bleomycin. The potential ramifications of 
these differences in ligation on the physiochemical properties 
of bleomycin and its interaction with DNA make the devel- 
opment and study of a suitable structural analog of the Fe(II)- 
bleomycin-02 complex imperative. Based on the perceived 
analogy with the properties of Fe(II)-porphyrins such as in 
hemoglobin or cytochrome P-450 towards 0 2 , we have exam- 
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FIG. 1. Revised structure of bleomycin. R = NH(CH 2 )3S + (CH 3 )2, 
bleomycin-A2; R = NH(CH 2 )4NHC(NH)NH 2> bleomycin-B2. 



ined the properties of Fe(II)-bleomycin in the presence of 
carbon monoxide, a compound that forms stable structural 
analogs of Fe(II)-porphyrin-02 complexes. In this paper we 
report: (i) that Fe(II)-bleomycin readily forms a stable, dia- 
magnetic complex with CO; (ii) an analysis of the highly re- 
solved *H NMR spectra of the Fe(II)-bleomycin-CO complex; 
{Hi) the assignment of the ligands to the metal based on the 1 H 
NMR data; (to) that the Fe(II)-bleomycin-CO complex readily 
binds to DNA, as studied by fluorescence quenching; and (u) 
that Fe(II)-bleomycin-CO does not mediate the release of 
thymine from DNA. 

MATERIALS AND METHODS 

The clinical mixture of bleomycin- A2 and -B2, blenoxane, was 
obtained from the National Cancer Institute. Bleomycin-A2 
was isolated from this mixture by elution through a Sephadex 
C-25 column with an ammonium formate gradient (0.05-0.5 
M), pH 6.4, as described (15). The appropriate fractions were 
concentrated to dryness under diminished pressure, and the 
excess ammonium formate was removed by sublimation (0.03 
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mm Hg at 30°C for 8-10 hr) followed by elution through a 
Sephadex G-10 column with 0.02 M ammonium bicarbonate. 
Final desalting was then accomplished by repeated evapora- 
tions of its aqueous solution under diminished pressure. The 1 H 
NMR and fluorescence spectra of this material and its ability 
to effect release of thymine from DNA were unchanged as a 
result of the separation. 

*H NMR Spectra. NMR parameters. Spectra were obtained 
at 360 MHz on a Bruker HXS-360 NMR spectrometer equipped 
with a Nicolet Technologies 1180 computer/Fourier transform 
system and a computer-controlled homonuclear decoupling 
accessory. Quadrature detection was used and both 16K and 
32K Fourier transforms were obtained with a spectral width 
of 3610 Hz. The Fe(II)-bleomycin spectrum was obtained with 
a spectral width of 36,000 Hz and a 32K Fourier transform was 
used. Typically, 128 transients were accumulated with 2.7 sec 
between pulses. Equilibrium intensities were observed for all 
the resonances under these conditions except those of the 
bithiazole moiety. 

Sample preparation. Bleomycin (2 /tmol determined spec- 
trophotometrically) was twice lyophilized from 99.8% 2 H 2 0 
and then dissolved under N 2 in 0.37 ml of 100% 2 H 2 0 (para- 
magnetic-free, Aldrich) in a septum-sealed NMR tube. FeS0 4 
(2 fimol as 10 fi\ of a 0.2 M solution in 100% 2 H 2 0) was added 
anaerobically (by syringe) followed by 1.95 /tmol of Na0 2 H, 
yielding a pale pink solution with a final concentration of 5 mM. 
Exposure to air (oxygen) caused a rapid color change to tan, 
which could be completely reversed by addition of dithionite. 
The CO adduct was formed by freezing the Fe(II)-bleomycin 
solution, evacuating the NMR tube, and then allowing the tube 
to fill with CO. Upon thawing, the solution became bright 
yellow. The complex was quite stable and could be lyophilized 
without apparent loss of bound CO. Exposure to air, however, 
led to the same rapid formation of a tan solution as was observed 
with Fe(II)-bleomycin. The l H NMR spectrum of neither 
Fe(II)-bleomycin nor Fe(II)-bleomycin-CO was affected by 
the presence of dithionite even at 5-fold molar excess. There- 
fore, 0.2 jtmol of dithionite was added routinely to the samples 
to protect against traces of 0 2 . The p 2 H of the solutions was 
measured in the NMR tube subsequent to spectral acquisition 
with an Ingold 4-mm-diameter glass electrode. A stream of 
nitrogen was directed at the NMR tube to prevent any oxidation 
of the sample until after the measurement had been made. The 
standard electrode correction has been used, r^H = meter 
reading + 0.4. The internal standard, 3-trimethylsilyl sodium 
[2,2,3,3- 2 H4]propionate, was used. 

Fluorescence Quenching of Bleomycin-A2 by DNA. Calf 
thymus DNA (from Calbiochem) was dissolved in 0.1 M NaCl 
and dialyzed exhaustively at 4°C, first against a 0.1 M NaCl 
solution containing 0.1 M EDTA and then against 0.1 M NaCl. 
The concentration of the DNA was determined from its ab- 
sorbance at 260 nm. All measurements were conducted with 
deionized water freshly distilled from EDTA. 

Fluorescence measurements were performed on a Farrand 
Mark I Spectrofluorimeter with emission and excitation cor- 
rection. The excitation wavelength was 295 nm; a 10-nm slit 
width was used throughout. Measurements were made at 25 °C 
in a septum-stoppered cell. The atmosphere was changed by 
bubbling the desired gas through each solution for at least 1-2 
min. Solutions were made <24 hr in advance of the experiments 
and stored at <— 20°C; the pH of each solution was adjusted 
to 5, 7, or 9 with aqueous NaOAc or Tris-HCl to a final con- 
centration of 5 mM. Glutathione was added to a final concen- 
tration of 0.034 mM to prevent formation of Fe(III); its addition 
had no effect on the fluorescence spectra. Bleomycin- A2, Fe(II), 
and DNA were added to final concentrations of 0.017-0.020, 
0.034, and 0.71 mM, respectively. The Fe(NH 4 ) 2 (S04) 2 solution 



(previously degassed) was added to the sample via syringe under 
continuous N 2 bubbling. 

Spectra of Fe(II)-bleomycin-A2 under N 2 with and without 
DNA were run on samples prepared by degassing the Fe(II)- 
free samples, adding the deaerated Fe(II) solution, and further 
degassing the combined solution. To show the effect of CO, we 
ran the spectra on the same samples after introduction of CO. 
These samples were then opened to the air, allowed to equili- 
brate for about 5 min, and used to record the spectra of the 
oxygenated species. As a control, spectra were also recorded on 
samples of Fe(II)-bleomycin-A2 (with and without DNA) 
prepared in solutions that had been flushed with CO rather than 
with N 2 . 

Release of [ 3 H]Thymine from PM-2 DNA by Bleomycin. 

PM-2 DNA (containing [ 3 H]thymine, specific activity 21 X 10 6 
cpm/mol) was prepared as described (16). Bleomycin activity 
was measured in terms of the release of [ 3 H]thymine from 
acid-insoluble products. The reaction mixture (25°C, 0.60 ml 
total volume) consisted of a solution of 0.05 M sodium caco- 
dylate (pH 6.9) containing 68 fiM glutathione, 1.15 fiU PM-2 
DNA (15,000 cpm of [ 3 H]thymine), 34 fiM Fe(NH 4 ) 2 (S0 4 ) 2 , 
and 34 nM bleomycin in a septum-stoppered vial. Fe(II), fol- 
lowed.by bleomycin, were added last (from CO-flushed stock 
solutions) after the reaction mixture was purged with deoxy- 
genated CO for 10 min. At predetermined time intervals, 50-fi\ 
aliquots were removed and applied to glass fiber disks that had 
been soaked with thymine and 10% aqueous trichloroacetic acid 
solutions. After 3.5 min of incubation, the reaction mixture was 
opened to the atmosphere and additional aliquots were taken 
and applied to glass fiber disks. The dried disks were washed 
thoroughly with 5% aqueous trichloroacetic acid, dried, and 
used for determination of radioactivity. 

RESULTS 

>H NMR studies 

The binary complex of Fe(II)-bleomycin yielded the remark- 
able J H NMR spectrum shown in Fig. 2. The contact and 
pseudocontact shifts arising from the paramagnetic iron atom 
spread the resonances over a 70-ppm range. The magnitude and 
direction of the shift induced for a given resonance by a para- 
magnetic center have a defined angular and distance depen- 
dence. Therefore, a complete assignment of the resonances will 
provide, in principle, detailed conformational and structural 
information. Analysis of this spectrum was complicated by the 
slow rate of exchange we observed between Fe(II)-bleomycin 
and metal-free bleomycin which precluded the use of satura- 
tion-transfer methods (17) for assigning the resonances of the 
complex. We are, therefore, exploring alternative methods for 
establishing definitive assignments of the resonances. We note, 
however, the absence of line broadening or shifts for the sul- 
fonium methyls in bleomycin-A2. Furthermore, the pattern 
of resonances centered at 8 ppm was similar to that for the 
bithiazole moiety in metal-free bleomycin. These results are 
consistent with previous observations (15, 18) that the bithiazole 
and terminal cationic groups are spatially remote from the 
metal binding site. 

Addition of CO to the Fe(II)-bleomycin complex caused 
dramatic changes in the spectral properties of the latter. The 
J H NMR spectrum of the Fe(II)-bleomycin-CO complex (Fig. 
3) became highly resolved, with linewidths comparable to those 
for the Zn-bleomycin complex. The narrow lines established 
that coordination of CO to the paramagnetic Fe(II)-bleomycin 
complex leads to a low-spin, diamagnetic iron in Fe(II)- 
bleomycin-CO. The possibility that the CO merely stripped 
away the metal from bleomycin could be excluded because the 
observed chemical shifts in no way resembled the pattern for 
metal-free bleomycin at any p 2 H. 
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Fig. 2. The 360 MHz J H NMR spectrum of the Fe(II)-bleomycin complex obtained in 2 H 2 0 at 27°C. TSP, trimethylsilyl propionate. 

pyrimidinylpropionamide, pyrimidine methyl, j8-hydroxy- 
histidine, mannose 3'CH, and methylvalerate. In general, 
formation of Fe(II)-bleomycin-CO affected the same sub- 
stituents although the magnitudes could differ. The mannose 
3'CH, the imidazole, the propionamide, and the pyrimidine 
methyl groups had chemical shifts similar to those for the cor- 
responding resonances in the spectrum of Zn-bleomycin (13). 
In contrast, the spectral pattern of the /?-aminoalanine group 
differed considerably from that of the zinc complex. The large 
nonequivalence of the |8-CH 2 resonances observed for Zn- 
bleomycin was greatly diminished in Fe(II)-bleomycin-CO, 
and the vicinal coupling between the a-CH and /8-CH2 
changed from two coupling constants of 2.0 and 3.1 Hz to 6.8 
and 3.7 Hz, respectively. The valerate a-CH resonance was also 
strongly affected. It was deshielded by 0.40 ppm relative to 
Zn-bleomycin and had a chemical shift comparable to that 
found in metal-free bleomycin. 

The vicinal coupling constants for the a- and /8-CH reso- 
nances of the 0-hydroxyhistidine moiety in Fe(II)-bleomy- 



The resonances of Fe(II)-bleomycin-CO have been a 
by analogy to the chemical shifts and coupling constants ob- 
served in the Zn-bleomycin complex (13) and by homonuclear 
spin decoupling experiments. Portions of the *H NMR spectra 
of Zn-bleomycin (p2H 6.1) and Fe(II)-bleomycin-€0 (p 2 H 
7.0) are compared in Fig. 3; the chemical shifts for selected 
resonances are listed in Table 1. 

Coordination to a diamagnetic metal, like protonation, can 
result in downfield shifts of the proton resonances adjacent to 
the site of binding due to withdrawal of electron density. Al- 
ternatively, coordination can cause either upfield or downfield 
shifts due to changes in the juxtaposition of substituents. In ei- 
ther case, the primary change in magnetic environment will 
be in the immediate vicinity of the metal. Therefore, those 
resonances with altered chemical shifts should reflect the 
general region where the metal binds. 

As shown in Table 1, formation of Zn-bleomycin caused 
chemical shift changes relative to metal-free bleomycin that 
were >0.1 ppm for the following substituents: /3-aminoalanine, 
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Table 1. Chemical shift of selected resonances in 







bleomycin con 


plexes* 




Component 






e 


group 




Fe(II)-CO 


n 


ree 


Bithiazole 


A2 


8.248 


8.251 


8.233 






7.996 


8.080 


8.041 




B2 


8.199 


8.207 


8.190 






7.973 


8.059 


8.021 


Imidazole 


2H 


7.985 


8.095 


7.826 




4H 


7.372 


7.390 


7.294 


PRO 


CH 


4.487 


4.608 


3.988 




CH 2 


3.25 ± 0.02 


3.364 


2.737 






2.953 


2.922 


2.662 


ALA 


CH 


3.88 ± 0.02 


3.79 ± 0.02 


3.892 




CH 2 


2.929 


3.42 ± 0.02 


(2.966) 






2.652 


2.561 




VAL 


aCH 


2.416 


2.013 


2.484 




/9CH 


3.68 ± 0.02 


3.46 ± 0.02 


3.731 




7CH 


3.71 ± 0.02 


3.69 ± 0.02 


3.892 


PYR-CH3 




2.385 


2.469 


2.044 


MAN 3'CH 




4.268 


4.09 ± 0.02 





* Chemical shifts are reported in ppm from trimethylsilyl sodium 
propionate and are accurate to ±0.002 ppm unless otherwise noted. 
The p 2 H of the solutions were as follows: Fe(II)-bleomycin-CO, p 2 H 
6.4; Zn-bleomycin, p 2 H 6.1; bleomycin, p 2 H 7.0. All spectra were 
obtained at 27°C. 

t See legend to Fig. 3. 

cin-CO were identical to those observed in Zn-bleomycin, thus 
indicating a <10% contribution from the trans rotamer (13). 
Therefore, the conformation of this portion of the metal- 
bleomycin complex was little affected by the change of ligands. 
The conformational changes in the /3-aminoalanine moiety, on 
the other hand, were quite large. In Zn-bleomycin, the 
gauche-gauche orientation predominated (>90%) whereas in 
Fe(II)-bleomycin-CO either a mixture of gauche-trans and 
gauche-gauche orientations was present or there was a fixed, 
gauche-trans geometry that was not fully staggered. Coordi- 
nation of a metal ion to both amine nitrogens, although pre- 
cluding free rotation, need not prevent interconversion of 
conformers. 
DNA binding studies 

The ability of the Fe(II)-bleomycin-CO complex to bind to 
DNA was assayed in terms of the fluorescence quenching of the 
bithiazole moiety (15). As shown in Table 2, the apparent af- 
finity of the Fe(II)-bleomycin-CO complex for DNA was no 
different from that of Fe(II)-bleomycin at three different pH 
values. Repetition of the experiment with blenoxane gave the 
same result (data not shown). Also studied was the degradation 
of DNA by the Fe(II)-bleomycin-CO complex. As shown in 
Fig. 4, no thymine release from DNA by this complex was ob- 
served. When the complex was exposed to 02, replacement of 
CO by O2 occurred rapidly, as may be seen by the subsequent 
release of thymine from the PM-2 DNA. 

DISCUSSION 

Takita et al. (7) have proposed a model for the active form of 
bleomycin based on the x-ray structure of a putative biosyn- 
thetic intermediate of bleomycin designated P-3A (14). Ac- 
cording to this model, in the absence of oxygen the metal is 
coordinated to bleomycin via the following six ligands: the 
primary and secondary amines of the /3-aminoalanine, the 
pyrimidine Nl, the N" of the /?-hydroxyhistidine, the imidazole 
Nl, and the carbamoyl moiety on the 3- position of mannose (7, 
19). In order for this complex to coordinate oxygen, one of the 
ligands must be released, with the carbamoyl moiety suggested 
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Table 2. Fluorescence quenching of bleomycin by calf 

thymus DNA* 

Bleomycin-A2, % fluorescence 
liM Atmosphere quenching* 



pH 4.7* 



17 


N 2 


44 


17 


CO 


42 


17 


0 2 


48 


pH 6.8* 






20 


N 2 


50 


20 


CO 


47 


20 


o 2 


44 


pH 8.41 






17 


N 2 


48 


17 


CO 


46 


17 


0 2 


49 



* Carried out in the presence of 0.034 mM Fe 2+ . Fluorescence emission 
was recorded at 353 nm. 

* In the presence compared to the absence of 0.71 mM calf thymus 
DNA. 

* Final pH of the complete incubation mixture. 

as the exchangeable ligand because the metal binding species, 
P-3A, lacks both sugar moieties and, therefore, this group. 

The *H NMR spectrum of Fe(II)-bleomycin-CO, however, 
clearly shows that the shielding of the mannose 3'CH resonance 
is comparable to that observed in the binary Zn-bleomycin 
complex. The sensitivity of the mannose 3'CH resonance to the 
coordination of Fe(II) and CO is difficult to explain if it is not 
participating as a ligand because otherwise the sugars should 
be far removed from the metal binding domain. This is borne 
out in metal-free bleomycin, where the mannose resonances 
show no dependence on the state of protonation of either the 
imidazole or /?-aminoalanine moieties (unpublished data). We 
therefore conclude that the carbamoyl group is a ligand in the 
Fe(II)-bleomycin-CO complex. The participation of the car- 
bamoyl moiety in the ternary complex explains the importance 
of this group for DNA strand scission. Isobleomycin (2-carba- 
moylmannose) shows a considerable decrease in in vitro activity 
relative to bleomycin (20, 21). 




25 



2 4 6 8 10 

FIG. 4. Release of [ 3 H]thymine from PM-2 DNA incubated in 
the presence of blenoxane, Fe(II), and CO (•) or 0 2 ( a). After 2.5 min, 
the sealed incubation mixture containing CO was opened to the at- 
mosphere and additional aliquots were taken for analysis of thymine 
release. 
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FIG. 5. Schematic drawing of the arrangement of the ligands in 
Fe(II)-bleomycin-CO. The ligands for which the relative geometry 
is known are drawn in dark, solid lines. The remaining three ligands 
(the primary amine, the carbamoyl, and the CO) for which the relative 
orientations cannot as yet be determined are shown connected by 
dashed lines. Although octahedral coordination is drawn, the absence 
of any symmetry should lead to significant deviations of the six ligands 
from a perfect octahedral geometry. 

The remaining ligands to iron in Fe(II)-bleomycin-CO can 
be assigned from their chemical shift properties relative to 
bleomycin. The two amines and the imidazole are coordinated 
to the iron; their chemical shifts are independent of p 2 !! over 
the range from 4.5 to 10, and the pyrimidine methyl shows a 
strong downfield shift comparable to that reported for Zn- 
bleomycin (10-13). Therefore, these four groups, together with 
the 3-carbamoyl group and the CO, account for all six ligands 
in Fe(II)-bleomycin-CO without invoking coordination to the 
N a of the fi-hydroxyhistidine group. 

A tentative arrangement of the groups coordinated to the 
Fe(II) ion in Fe(II)-bleomycin-CO is shown in Fig. 5. Model 
building and preliminary results using distance geometry cal- 
culations (22) indicate that a trans orientation between the 
secondary amine and the imidazole is favored; coordination of 
the pyrimidine and imidazole ligand trans to each other is 
precluded in the absence of coordination to N a of the j3-hy- 
droxyhistidine (G. M. Crippen and N. J. Oppenheimer, un- 
published data). The pyrimidine moiety, as the third ligand, 
will then be cis to both the secondary amine and the imidazole, 
as shown in Fig. 5. The arrangement of the remaining three 
ligands, however, cannot be determined unequivocally. This 
arrangement of ligands would exclude an alternative ar- 
rangement, analogous to that found in CO-hemoglobin, in 
which the imidazole moiety constitutes an axial ligand trans 
to the CO. These studies do point out an interesting topological 
feature. The CO ligand would be proximal to the valerate- 
threonine-bithiazole side chain (the suspected DNA binding 
domain) no matter what the relative order of the three re- 
maining ligands. By analogy then, such a geometry would direct 
the O2 ligand and any radicals derived therefrom toward the 
DNA, thus suggesting a possible explanation for the observed 
selectivity (23) of the DNA damage. This model further predicts 
that any modifications in bleomycin can lead to repositioning 
of the ligands around the metal. The potential targeting could 
then be disrupted either by coordination of O2 distal to the DNA 
or by prevention of O2 binding. 

The large size and complexity of bleomycin raises questions 
as to whether it may serve some direct metabolic role in the 
microorganism other than its activity as an antibiotic. For ex- 
ample, bleomycin could serve as a divalent metal ion scavenger 
or ionophore in order to sequester or regulate such ions as 
copper(II). Alternatively, the high affinity of the Fe(II)- 



bleomycin complex for O2 might suggest a possible role as a 
primitive hemoglobin. Finally, the ability to generate super- 
oxide or hydroxyl radicals could indicate a possible role as a 
primitive P-450 system for the degradation of metabolites. 

This investigation establishes Fe(II)-bleomycin-CO as a 
stable analog of the "active" Fe(II)-bleomycin-02 complex and 
has allowed assignment of the ligands coordinated to the Fe(II) 
ion. Fluorescence quenching experiments have shown that it 
readily binds to DNA without effecting significant thymine 
release, an observation of importance for investigations of 
bleomycin binding to DNA. 
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[57] ABSTRACT 

Methods for the detection, monitoring and treatment of 
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ated are disclosed. Detection of specific T cell activation 
(e.g.. by measuring the proliferation of T cells) in response 
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IMMUNE REACTIVITY TO HER-2/NEU 

PROTEIN FOR DIAGNOSIS AND 
TREATMENT OF MALIGNANCIES IN 
WHICH THE HER-2/NEU ONCOGENE IS 

ASSOCIATED 5 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica- 
tion Ser. No. 08/414.417. filed Mar. 31. 1995. pending; 
which application is a continuation-in-part application to 
Ser. No. 08/106,112. filed Aug. 12. 1993. abandoned; which 
application is a continuation-in-part application to Ser. No. 
08/033.644. filed Mar. 17. 1993, abandoned. 

TECHNICAL FIELD 

The present invention is generally directed toward the 
detection, monitoring, and treatment of malignancies, in 
which the HER-2/neu oncogene associated, through the use 20 
of a cancer patient's own immune reactivity to the HER-2/ 
neu protein expressed by the HER-2/neu gene. 

BACKGROUND OF THE INVENTION 

Despite enormous investments of financial and human 25 
resources, cancer remains one of the major causes of death. 
For example, cancer is the leading cause of death in women 
between the ages of 35 and 74. Breast cancer is the most 
common malignancy in women and the incidence for devel- 
oping breast cancer is on the rise. One in nine women will 30 
be diagnosed with the disease. Standard approaches to cure 
breast cancer have centered around a combination of 
surgery, radiation and chemotherapy. These approaches have 
resulted in some dramatic successes in certain malignancies. 
However, breast cancer is most often incurable, when diag- 33 
nosed beyond a certain stage. Alternative approaches to 
early diagnosis and therapy are necessary. 

A common characteristic of malignancies is uncontrolled 
cell growth. Cancer cells appear to have undergone a process 
of transformation from the normal phenotype to a malignant 
phenotype capable of autonomous growth. Amplification 
and overexpression of somatic cell genes is considered to be 
a common primary event that results in the transformation of 
normal cells to malignant cells. The malignant phenotypic 4J 
characteristics encoded by the oncogenic genes are passed 
on during cell division to the progeny of the transformed 
cells. 

Ongoing research involving oncogenes has identified at 
least forty oncogenes operative in malignant cells and 5,3 
responsible for. or associated with, transformation. Onco- 
genes have been classified into different groups based on the 
putative function or location of their gene products (such as 
the protein expressed by the oncogene). 

Oncogenes are believed to be essential for certain aspects 55 
of normal cellular physiology. In this regard, the HER-2/neu 
oncogene is a member of the tyrosine protein kinase family 
of oncogenes and shares a high degree of homology with the 
epidermal growth factor receptor. HER-2/neu presumably 
plays a role in cell growth and/or differentiation. HER-2/neu #) 
appears to induce malignancies through quantitative mecha- 
nisms that result from increased or deregulated expression of 
an essentially normal gene product. 

HER-2/neu (pl85) is the protein product of the HER-2/ 
neu oncogene. The HER-2/neu gene is amplified and the 65 
HER-2/neu protein is overexpressed in a variety of cancers 
including breast, ovarian, colon, lung and prostate cancer. 
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HER-2/neu is related to malignant transformation. It is 
found in 50% -60% of ductal in situ carcinoma and 20% 
-40% of all breast cancers, as well as a substantial fraction 
of adenocarcinomas arising in the ovaries, prostate, colon 
and lung. HER-2/neu is intimately associated not only with 
the malignant phenotype. but also with the aggressiveness of 
the malignancy, being found in one-fourth of all invasive 
breast cancers. HER-2/neu overexpression is correlated with 
a poor prognosis in both breast and ovarian cancer. HER- 
2/neu is a transmembrane protein with a relative molecular 
mass of 185 kd that is approximately 1255 amino acids (aa) 
in length. It has an extracellular binding domain (ECD) of 
approximately 645 aa, with 40% homology to epidermal 
growth factor receptor (EGFR). a highly hydrophobic trans- 
membrane anchor domain (TMD), and a carboxyterminal 
cytoplasmic domain (CD of approximately 580 aa with 80% 
homology to EGFR. 

An approach to developing a diagnostic assay for 
malignancies, in which the HER-2/neu oncogene is 
associated, has been to attempt to quantify the protein 
expression product of the HER-2/neu oncogene in tissue or 
body fluids. However, there have been problems in the 
development of diagnostic assays based on direct detection 
of HER-2/neu protein. 

Due to the difficulties in the current approaches to diag- 
nosis and therapy of cancers in which the HER-2/neu 
oncogene is associated, there is a need in the art for 
improved methods and compositions. The present invention 
fills this need, and further provides other related advantages. 

SUMMARY OF THE INVENTION 

Briefly stated, the present invention provides a variety of 
methods for the detection of a malignancy in a warm- 
blooded animal, wherein a HER-2/neu oncogene is associ- 
ated with the malignancy. The methods may be used on a 
one time basis when a malignancy is suspected or on a 
periodic basis, e.g.. to monitor an individual with an 
elevated risk of acquiring or reacquiring a malignancy. In 
one embodiment, the method comprises the steps of: (a) 
isolating CD4 + T cells from a warm-blooded animal; (b) 
incubating the T cells with HER-2/neu protein; and (c) 
detecting the presence or absence of specific activation of 
the T cells, thereby determining the presence or absence of 
the malignancy. In another embodiment, the method com- 
prises the steps of: (a) isolating CDS* T cells from a 
warm-blooded animal; (b) incubating the T cells with HER- 
2/neu protein; and (c) detecting the presence or absence of 
specific activation of the T cells, thereby determining the 
presence or absence of the malignancy. In another 
embodiment, the method comprises the steps of: (a) con- 
tacting a body fluid, suspected of containing antibodies 
specific for HER-2/neu protein, with HER-2/neu protein; (b) 
incubating the body fluid under conditions and for a time 
sufficient to allow immunocomplexes to form; and (c) 
detecting the presence or absence of immunocomplexes 
formed between the HER-2/neu protein and antibodies in the 
body fluid specific for the HER-2/neu protein, thereby 
determining the presence or absence of the malignancy. 

In another aspect, the present invention provides methods 
for monitoring the effectiveness of cancer therapy in a 
warm-blooded animal with a malignancy, wherein a HER- 
2/neu oncogene is associated with the malignancy. Uses of 
such methods include the early detection of relapse. In one 
embodiment, the method comprises the steps of: (a) con- 
tacting a first body fluid sample, taken from the warm- 
blooded animal prior to initiation of therapy, with HER-2/ 
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neu protein; (b) incubating the body fluid under conditions 
and for a time sufficient to allow immunocomplexes to form; 

(c) detecting immunocomplexes formed between the HER- 
2/neu protein and antibodies in the body fluid specific for the 
HER-2/neu protein; (d) repeating steps (a), (b). and (c) on a 
second body fluid sample taken from the animal subsequent 
to the initiation of therapy; and (e) comparing the number of 
immunocomplexes detected in the first and second body 
fluid samples, thereby monitoring the effectiveness of the 
therapy in the animal. 

The present invention is also directed toward methods for 
treating a malignancy in a warm-blooded aiiirrial. wherein a 
HER-2/neu oncogene is associated with the malignancy. In 
one embodiment, the method comprises the steps of: (a) 
isolating CD4 + T cells from a warm-blooded animal; (b) 
incubating the T cells in the presence of HER-2/neu protein, 
such that the T cells proliferate; and (c) a<iministering to the 
warm-blooded effective amount of the proliferated T cells. 
In another embodiment, the method comprises the steps of: 
(a) isolating CD8 + T cells from a warm-blooded animal; (b) 2° 
incubating the T cells in the presence of HER-2/neu protein, 
such that the T cells proliferate; and (c) administering to the 
warm-blooded animal an effective amount of the prolifer- 
ated T cells. In another embodiment the method comprises 
the steps of: (a) isolating CD4 + T cells from a warm-blooded 25 
animal; (b) incubating the T cells in the presence of HER- 
2/neu protein, such that the T cells proliferate; (c) cloning 
one or more cells that proliferated in the presence of 
HER-2/neu protein; and (d) administering to the warm 
blooded animal an effective amount of the cloned T cells. In 30 
another embodiment, the method comprises the steps of: (a) 
isolating CD8 + T cells from a warm-blooded animal; (b) 
incubating the T cells in the presence of HER-2/neu protein, 
such that the T cells proliferate ; (c) cloning one or more cells 
that proliferated in the presence of HmR-2/neu protein; and 35 

(d) adininistering to the warm-blooded animal an effective 
amount of the cloned T cells. In yet another embodiment, the 
method comprises immunizing the animal with a HER-2/neu 
peptide recognized by T cells, the peptide not being the 
extracellular domain of the protein expression product of a 40 
HER-2meu oncogene. 

Within a related aspect, the present invention provides 
anti-cancer therapeutic compositions comprising T cells 
proliferated in the presence of HER-2/neu protein, in com- 
bination with a pharmaceutically acceptable carrier or dilu- 
ent In addition, a variety of peptides designated for CD8* T 
cell responses are provided which include peptides consist- 
ing essentially of: 

His-Leu-Tyr-Gln-Gly-Cys-Gln-Val-Val (Seq. ID No. 1); x 

Pro-Leu-Gln-Pro-Glu-Gln-Leu-Gln-Val (Seq. ID No. 2); 

Pro-Leu-Thr-Ser-Ee-ne-Ser-Ala-Val (Seq. ID No. 3); 

ne-Leu-Leu-Val-Val-Val-Leu-Gly-Val (Seq. ID No. 4); 

Leu-Leu-Val-Val-Val-Leu-Gly-Vat-Val (Seq. ID No. 5); ^ 

Arg-Leu-Leu-Gln-Glu-Thr-Glu-Leu-Val (Seq. ID No. 6); 

C^s-Leu-Thr-Ser-Thr-Val-Gln-Leu-Val (Seq. ID No. 7); 

Asp-Leu-Ala-Ala-Arg-Asn-Val-Leu-Val (Seq. ID No. 8); 

Val-Leu-Val-Lys-Ser-Pro-Asn-His-Val (Seq. ID No. 9); 

Thr-Leu-Ser-Pro-Gly-Lys-Asn-Gly-Val (Seq. ID No. 10); 60 

Val-Leu-Gly-Val-Val-Phe-Gly-Ile-Leu (Seq. ID No. 11); 

Leu-ne-Lys-Arg-Arg-Gln-Gln-Lys-Ile (Seq. ID No. 12); 

Lys-Ile-Pro-Val-Ala-Ile-Lys-Val-Leu (Seq. ID No. 13); 

ne-Leu-Asp-Glu-Ala-Tyr-Val-Met-Ak (Seq. ID No. 14); 65 

Gln-Leu-Met-Pro-Tyr-Gly-Cys-Leu-Leu (Seq. ID No. 
15); 



Gln-Ile-Ala-Lys-Gly-Met-Ser-Tyr-Leu (Seq. ID No. 16); 
Leu-Leu-Asn-Trp-Cys-Met-Gln-Ile-Ala (Seq. ID No. 17); 
Arg-Leu-Val-His-Arg-Asp-Leu-Ala-Ala (Seq. ID No. 
18); 

Asp-ne-Asp-Glu-Thr-Glu-Tyr-His-Ala (Seq. ID No. 19); 
Asp-Leu-Leu-Glu-Lys-Gly-Glu-Arg-Leu (Seq. ID No. 
20); 

Thr-Be-Asp-Val Tyr-Met-Leu-Met-Val (Seq. ID No. 21); 
Met-ne-Met-Val-Lys-Cys-Trp-Met-Ee (Seq. ID No. 22); 
Asp-Leu-Val-Asp-Ala-Glu-Glu-Tyr-Leu (Seq. ID No. 
23); 

Gly-Leu-Glu-Pro-Ser-Glu^Glu-Glu-Ala (Seq. ID No. 24); 

Tyr-Leu-Thr-Pro-Gln-Gly-Gly-Ala-Ala (Seq. ID No. 25). 
Similarly, a variety of peptides designated for CD4 + T cell 
responses are provided which include peptides consisting 



of: 

His-Leu-Asp-Met-Leu-Arg-His-Leu-Tyr-Gln-Gly-Cys- 

Gln-Val-Val (Seq. ID No. 30); 
Pro-Leu-Gln-Arg-Leu-Arg-De-Val-Arg-Gly-Thr-Gln- 

Leu-Phe-Glu (Seq. ID No. 31); 
Leu-Arg-Ser-Leu-Thr-Glu-De-Leu-Lys-Gly-Gly-Val- 

Leu-De-Gln (Seq. ID No. 32); 
Val-Thr-Tyr- As n-Thr- Asp-Thr-Phe-Glu- Ser-Met-Pro- 

Asn-Pro-Glu (Seq. ID No. 33); 
His-Leu-Arg-Glu-Val-Arg-Ala-Val-Thr-Ser-Ala-Asn-ne- 

Gln-Glu (Seq. ID No. 34); 
Val-Arg-Ala-Val-Thr-Ser-Ala-Asn-Ile-Gln-Glu-Phe-Ala- 

GlY-CYs (Seq. ID No. 35); 
Asn-ne-Gln-Glu-Phe-Ala-Gly-Cys-Lys-Lys-ne-Phe-Gly- 

Ser-Leu (Seq. ID No. 36); 
Gln-Val-Phe-Glu-Thr-Leu-Glu-Glu-Ile-Thr-Gly-Tyr- 

Leu-Tyr-De (Seq. ID No. 37); 
Gln-Glu-Cys-Val-Glu-Glu-Cys-Arg-Val-Leu-Gln-Gly- 

Leu-Pro-Arg (Seq. ID No. 38); 
Val-Val-Val-Leu-Gly-Val-Val-Phe-Gly-De-Leu-Ile-Lys- 

Arg-Arg (Seq. ID No. 39); 
Lys-Tyr-Thr-Met-Arg-Arg-Leu-Leu-Gln-Glu-Thr-Glu- 

Leu-Val-Glu (Seq. ID No. 40); 
Gly-Ala-Met-Pro-Asn-Gln-Ala-Gln-Met-Arg-Ile-Leu- 

Lys-Glu-Thr (Seq. ID No. 41); 
Val-Lys-Val-Leu-Gly-Ser-Gly-Ala-Phe-Gly-Thr-Val-Tyr- 

Lys-Gly (Seq. ID No. 42); 
Ser-pro-Lys-Ala-Asn-Lys-Glu-Ile-Leu-Asp-Glu-Ala-Tyr- 

Val-Met (Seq. ID No. 43); 
Gly-Val-Gly-Ser-Pro-Tyr-Val-Ser-Arg-Leu-Leu-Gly-ne- 

Cys-Leu (Seq. ID No. 44); 
Ser-Arg-Leu-Leu-Gly-ne-(^s-Leu-Thr-Ser-Thr-Val-Gln- 

Leu-Val (Seq. ID No. 45); 
Gly-Ser-Gln-Asp-Leu-Leu-Asn-Trp-Cys-Met-Gln-Ile- 

Ala-Lys-Gly (Seq. ID No. 46): 
Val-Lys-Ile-Thr-Asp-Phe-Gly-Leu-Ala-Arg-Leu-Leu- 

Asp-Ile-Asp (Seq. ID No. 47); 
Thr-Val-Trp-Glu-Leu-Met-Thr-Phe-Gly-Ala-Lys-Pro- 

Tyr-Asp-Gly (Seq. ID No. 48); 
Pro-Ala-Arg-Glu-Ile-Pro-Asp-Leu-Leu-Glu-Lys-Gly- 

Glu-Arg-Leu (Seq. ID No 49); 
Arg-Phe-Arg-Glu-Leu-Val-Ser-Glu-Phe-Ser-Arg-Met- 

Ala-Arg-Asp (Seq. ID No 50); 
Glu-Asp-Asp-Asp-Met-Gly-Asp-Leu-Val-Asp-Ala-Glu- 
Glu-Tyr-Leu (Seq. ID No 51); 
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Gly-Met-Gly-Ala-Ala-Lys-Gly-Leu-Gln-Ser-Leu-Pro- 

Thr-His-Asp (Seq. ID No 52); 
Thr-Cys-Ser-Pro-Gln-Pro-Glu-Tyr-Val-Asn-Gln-Pro- 

Asp-Val-Arg (Seq. ID No 53); 
Thr-Leu-Glu-Arg-Pro-Lys-Thr-Leu-Ser-Pro-Gly-Lys- 

Asn-Gly-Val Seq. ID No 54); 
Gly-Gly-Ala-Val-Glu-Asn-Pro-Glu-Tyr-Leu-Thr-Pro- 

Gln-Gly-Gly Seq. ID No 55); 
Asn-Gln-Glu-Val-Thr-Ala-Glu-Asp-Gly-Thr-Gln-Arg- 

Cys-Glu-Lys Seq. ID No 56); 
Gln-Val-Ile-Arg-Gly-Arg-Ile-Leu-His-Asn-Gly-Ala-'Pyr- 

Ser-Leu Seq. ID No 57); 
Leu-Gln-Val-Phe-Glu-Thr-Leu-Glu-Glu-Ile-Thr-Gly- 

Tyr-Leu-Tyr Seq. ID No 58); 
Ala-Ser-Pro-Leu-Thr-Ser-Be-Ile-Ser-Ala-Val-Val-Gly- 

De-Leu Seq. ID No 59); 
Thr-Gln-Arg-Cys-Glu-Lys-Cys-Ser-Lys-Pro-Cys-Ala- 

Arg-Val-Cys-Tyr-Gly-Leu (Seq. ID No. 60); 
Arg-Leu-Arg-Ile-Val-Arg-Gly-Thr-Gln-Leu-Phe-Glu- 

Asp-Asn-Tyr-Ala-Leu (Seq. ID No. 61); 
Lys-Ile-Phe-Gly-Ser-Leu-Ala-Phe-Leu-Pro-Glu-Ser-Phe- 

Asp-Gly-Asp (Seq. ID No. 62); 
Arg-Arg-Leu-Leu-Gln-Glu-Thr-Glu-Leu-Val-Glu-Pro- 

Leu-Thr-Pro-Ser (Seq. ID No. 63); or 
Glu-Leu-Val-Ser-Glu-Phe-Ser-Arg-Met-Ala-Arg-Asp- 

Pro-Gln (Seq. ID No. 64). 
Additional peptides are provided and include a peptide 
consisting essentially of the amino acid sequence of FIG. 1 
from lysine, amino acid 676. to valine, amino acid 1255. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
description and attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows that pl85 w£ *~ 2/ne " protein contains multiple 
segments with amino acid sequences appropriate for binding 
to class II MHC molecules. Each outlined amino acid 
represents the center point of an 1 1-mar peptide with alpha- 
helical periodicity and amphipathicity. Each underlined 
amino acid segment represents an epitope corresponding to 
Rothbard and Taylor motifs. 

FIG. 2 graphically illustrates the results of a low fre- 
quency event screening from a normal individual indicating 
that a CD4 + T cell response can be detected against 
pl85 W£ *~ 2/ "'" and peptides derived from its amino acid 
sequence. The graph represents the data from one normal 
individual analyzed with the low frequency screening 
assayed described further below. Positive responses to the 
intact protein and two peptides were detected. 

FIGS. 3A-3D graphically illustrate that CD4 + T cells 
reactive to pl85- HE/? " 2/ "'" protein and peptides can be 
detected in high frequency from patients with HER-2/neu 
positive breast cancer and can also be detected in some 
patients with tumors that test negatively for expression of 
pl85™ ? *~ 2/ "*" p rotc i n js^i f our breast cancer patients repre- 
sented here, patient A (FIG. 3A), patient B (FIG. 3B). patient 
C (FIG. 3C), and patient D (FIG. 3D), were premenopausal 
women. Patient A had a primary tumor that tested negatively 
for overexpression of pl85 HER " 2/ """'. The other three patients 
had HER-2/neu positive tumors. A proliferation assay was 
performed using purified peripheral blood mononuclear 
cells (PBMC) as described below, with each experimental 
group done in 24 well replicate. TwoxlO 5 PBMC/well were 
incubated with no antigen, tetanus toxoid (5 ug/ml). 
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pl85 HE *" 2/m "' (5 ug/ml). or HER-2/neu derived peptides (50 
ug/ml) as described further below. After 4 days, wells were 
pulsed with 1 u Ci of tritiated thymidine ( 3 H-TdR) for 6-8 
hours and then counted. The data represents the mean of 24 
5 determinations of the c.p.m. with standard error bars 
expressed. 

FIGS. 4A-4B graphically illustrate that CD8 + CTL spe- 
cific for HER-2/neu peptides 48-56 and 789-797 can be 
generated by in vitro immunization. ThreexlO 7 PBMC from 

10 a homozygous HLA-A2 normal donor were incubated with 
p48-56 or p789-797HER-2/neu peptides at concentrations 
of 10 ug/ml. The lymphocytes were tested for lytic activity 
after 10 in vitro sensitizations (IVS). Data is depicted after 
the tenth IVS with p48-56 (FIG. 4A) or with p789-797 

15 (FIG. 4B). Target cells consisted of 5 ^-labeled autologous 
EBV transformed B lymphocytes which had been incubated 
with p48-56 or p789-797 HE *-2/neu or an irrelevant peptide 
for 2 hours prior to use. A four hour chromium release assay 
(CRA) was performed. The results represent the percent 

20 specific lysis at the indicated effector:target (E:T) ratio. 
Target controls of 51 Cr-labeled K562 and Daudi cells were 
also included to evaluate NK and LAK activity. The execu- 
tion of the CRA is as described. The results represent the 
percent specific lysis at the indicated effector:target (E:T) 

FIG. 5 pictorially illustrates that antibodies are detectable 
against pl85 H£,f ' 2/ ""' in the sera of a breast cancer patient. 
Lane 1 represents the immunoblot of pl85 using a HER-2/ 
neu positive breast cancer patient's sera (1:1000 dilution) as 

30 primary antibody. The blot was analyzed as described fur- 
ther below. Lane 2 represents the control strip from that 
experiment developed with c-neu antibody. 
FIG. 6 pictorially shows that antibodies in the sera of a 

3J breast cancer patient identify the same pi 85 band as does a 
known HER-2/neu-specinc antibody ("control antibody"). A 
membrane preparation from NIH3T3 cells (a murine cell 
line) that had been Iransfected with HER-2/neu cDNA 
("NIH3T3+H2N") was tested against control antibody (lane 
A) or patient sera (lane D). Similarly, a membrane prepa- 
ration from untransfected cells ("NIH3T3") was tested 
against control antibody (lane B) or patient sera (lane C). 

FIG. 7 pictorially illustrates that some breast cancer 
patients have antibodies directed to both the extracellular 

4} and intracellular domain of the HER-2/neu protein. Sera of 
breast cancer patients is tested against the extracellular 
domain ("ECD protein") or the intracellular domain ('1CD 
protein"), in lanes A and B. respectively. 
FIG. 8 graphically illustrates that rats immunized with 

so peptides derived from the intracellular domain (ICD) portion 
of rat neu protein develop antibody responses to neu protein. 
An ELISA was performed to evaluate peptide immunized 
animals for antibody responses to non-transforming rat neu 
protein. Each sera was analyzed at a 1:25. 1:50. 1:100, and 

55 1:200 dilution. The OD value shown is that of the back- 
ground wells subtracted from the wells coated with neu 
protein. All data shown is at a rat sera concentration of 1:25. 
Control sera was derived from an animal immunized with 
adjuvant alone. Antibody responses titered with decreasing 

60 serum concentrations. Results were reproducible in 3 sepa- 
rately run assays. 

FIG. 9 graphically illustrates that rats immunized with 
peptides derived from the extracellular domain (ECD) por- 
tion of rat neu protein develop antibody responses to neu 

65 protein. ELISA evaluation was performed as described in 
FIG. 8. All data shown is at a rat sera concentration of 1:25. 
Control sera was derived from an animal immunized with 
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adjuvant alone. Antibody responses titered with decreasing of a stimulation index (SI) which is the mean of the 

serum concentrations. Results were reproducible in 3 sepa- experimental wells divided by the mean of the control (no 

rately run assays. antigen) wells. Stimulation indices greater than 2 are con- 

F1G. 10 graphically shows that epitope analysis of ICD sidercd to be indicative of a primed response Animals 

antibody responses demonstrates dominant B cell epitopes 5 immunized with adjuvant alone showed no stimtdation 

as well as ''determinant spreading" between domains. mdex greater than 0.9 to any of the tested peptides (data not 

ELISA analysis for peptide epitopes was performed. Each shown). 

animal's sera was evaluated at dilutions of 1:25, 1:50. 1:100. KG. 15 graphically illustrates that immunization of rats 

and 1:200 for each peptide analyzed. Antibody responses with ICD peptides elicits neu protein-specific T cell 

titered with decreasing serum concentrations. All data io responses, lx 10 s cultured T cells derived from immunized 

shown is at a rat sera concentration of 1:50. Control sera spleen were incubated with lxlO 5 syngeneic spleen as APC 

analyzed was pooled sera from 5 non-immunized animals. (antigen presenting cells) and 1 ug/ml of purified rat neu 

Results were reproducible in 3 separately run assays. protein. Each experimental group was done in 6 well rep- 

FIG. 11 graphically shows that epitope analysis of BCD ^tzis t^Mlmnfirtto^}^ 

antibody responses demonstrates dominant B cell epitopes. 15 which is toe mean of the experimental wells divided by the 

ELISA analysis for peptide epitopes was performed. Each mean of the control (no antigen) weUs^SUmulation mdices 

animal's sera was evZted at dilutions of 1:25. 1:50. 1:100. fSW than 2 are cons.dered to be indicative ^ a pruned 

and 1:200 for each peptide analyzed. Antibody responses response^Wild type ras protein was the irrelevant protein 

titered with decreasing serum concentrations. All data used in me assa y- 

shown is at a rat sera concentration of 1:50. Control sera 20 FIG. 16 graphically shows that immunization of rats with 

analyzed was pooled sera from 5 non-immunized animals. ECD peptides elicits only weak pepude-specific T cell 

Results were reproducible in 3 separately run assays. responses. 2xl0 5 immunized spleen cells were incubated 

FIG. 12 pictoriaUy illustrates that antibodies elicited by with 25 ug/ml of the various peptides. ^J^'^P 

immunization to either ICD or ECD peptides are specific for „ consisted of 25 ug/ml each of the immunizing peptides. Each 

and can immunoprecipitate both rat^eu protein and human 25 expenmental group was done in 6 well replicates. The data 

HER-2/neu protein. FIG. 12A shows the results of an > s «P*««» ln terms ° f , a "T^T^ l M ^ 

r" ti . jm inmmn^d rat m mean of the experimental wells divided by the mean of the 

^u^^nTrFRO R^ferh «-r* was able to immuno- control (no antigen) wells. Stimulation indices greater than 

and ysates of DHFRG-8. Each sera was able to immuno- eottlidtad t0 be indicative of a primed response, 

precipitate rat neu from the cell lysates. The ~»cp/ e . 30 Animzls with adjuvant alone showed no stimu- 

cipitates were resolved on a 7.5% SDS-acrylamide gel and "77." ,m " , . ^ , , . . .. . 

transferred to .utrocellulose. Tne blots were probed with f °° "f * greater than 1.0 to any of the tested peptides 

primary antibody, c-neu-Ab-3, at a 1:1000 dilution. Control (data not shown). • 

sera of an animal immunized with the adjuvant alone FIG. 17 graphically shows that immunization of rats with 

showed no evidence of reactivity to rat neu. FIG. 12B 35 ECD peptides elicits weak, but positive responses to neu 

depicts the results of an immunoprecipitation experiment protein. 1x10 s cultured T cells denved from immunized 

with immunized rat sera and lysates of SKBR3. a source of spleen or lymph nodes were incubated with 1x10 syngeneic 

human neu. Immunoblotting was performed in an identical spleen as APC and 1 ug/ml of purified rat neu protein. Each 

manner and all experimental animal sera were able to experimental group was done in 6 weE replicates. The data 

immunoprecipitate human neu. The control sera, again. „ « expressed in terms of a stimulation , index which u the 

showed no evidence of reactivity. mean of the experimental wells divided by the mean of the 

^^S^S^^ST^ typerasproteinwastoeirrelevantproteinusedintheassay. 

Western blot analysis of protein domain epitope mapping 45 DETAILED DESCRIPTION OF THE 

from representative animals in each immunized group. Ani- INVENTION 

mal 1.2 was immunized with the ECD group of peptides. . . u t. i * 1 1 

animal 2.2 with the ICD group of peptides, and the control to setting for* > the invention it may ta^Mto» 

animal was immunized with adjuvant alone. Proteins were understanding thereof to set forth definitions of certain terms 

electrophoresed. After transfer to nitrocellulose the blots 50 to be used hereinafter. 

were incubated for 18 hours in rat sera at a 1:500 dilution. HER-2/neu Protein— as used herein, refers to the pl85 

Antibody responses were detected with a second step goat protein (also known as c-erbB2) and peptides thereof which 

anti-rat Ig HRP antibody at a dilution of 1:5000, Responses are recognized by helper T cells or cytotoxic T cells; and 

were detected to both human and rat neu as well as to both may be naturally derived, synthetically produced, geneti- 

human ICD and ECD domain recombinant proteins. Anti- 55 cally engineered, or a functional equivalent thereof, e.g.. 

body responses to these proteins could not be detected in the where one or more amino acids are replaced by other amino 

control animal which was immunized with adjuvant alone. acid(s) or non-amino acid(s) which do not substantially 

Although data are shown here for animals 1.2. 2.2. and affect function. 

control, all animals in each group had the same pattern of Proliferation of T cells— as used herein, includes the 

response. 60 multiplication of T cells as well as the stimulation of T cells 

FIG. 14 graphically illustrates that immunization of rats leading to mdtiplication. i.e. the initiation of events leading 

with ICD peptides elicits neu peptide-specific T cell to mitosis and mitosis itself. Methods for detecting prolif- 

responses. 2xl0 5 immunized spleen cells were incubated eration of T cells are discussed below, 

with 25 ug/ml of the various peptides. The "Mix" group As noted above, the present invention is directed toward 

consisted of 25 ug/ml each of the immunizing peptides. A 65 methods and compositions for the diagnosis, monitoring and 

proliferation assay was performed. Each experimental group treatment of malignancies in a warm-blooded animal, 

was done in 6 well replicates. The data is expressed in terms wherein an amplified HER-2/neu gene is associated with the 
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malignancies. Association of an amplified HER-2/neu gene 
with a malignancy does not require that the protein expres- 
sion product of the gene be present on the tumor. For 
example, overexpression of the protein expression product 
may be involved with initiation of a tumor, but the protein 5 
expression may subsequently be lost. An effective autoch- 
thonous immune response may convert a HER-2/neu posi- 
tive tumor to HER-2/neu negative, but existent immunity 
will be present and allow diagnosis. 

More specifically, the disclosure of the present invention. 10 
in one aspect, shows that the protein expression product of 
the HER-2/neu gene can be recognized by thymus- 
dependent lymphocytes (hereinafter 'T cells") and, 
therefore, the autochthonous immune T cell response can be 
utilized to diagnose, monitor and treat malignancies in 15 
which such a protein is or has been overexpressed. The 
disclosure of the present invention also shows, in another 
aspect, that sera of patients with a malignancy, in which an 
amplified HER-2/neu oncogene is associated, contain anti- 
bodies to HER-2/neu protein. The autochthonous antibody 20 
response can be used to diagnose, monitor and treat malig- 
nancies in which such a protein is overexpressed. 

It is well known that the two major arms of the immune 
system are: (1) cell-mediated immunity with immune T cells 
and (2) humoral immunity with antibodies. Further, the 23 
immune system normally functions to recognize and destroy 
any foreign or aberrant cells in the body. Since the HER-2/ 
neu protein is expressed by some normal cells, tolerance 
and/or anergy (i.e., diminished reactivity to a specific 
antigen) is expected. Thus, it is surprising that, as disclosed 30 
within the present invention, both T cell and antibody 
responses to HER-2/neu are detected. 

In general, CD4 + T cell populations are considered to 
function as helpers/inducers through the release of lymphok- 35 
ines when stimulated by a specific antigen; however, a 
subset of CD4* cells can act as cytotoxic T lymphocytes 
(CTL). Similarly. CD8 + T cells are considered to function by 
directly lysing antigenic targets; however, under a variety of 
circumstances they can secrete lymphokines to provide ^ 
helper or DTH function. Despite the potential of overlapping 
function, the phenotypic CD4 and CD8 markers are linked 
to the recognition of peptides bound to class II or class I 
MHC antigens. The recognition of antigen in the context of 
class II or class I MHC mandates that CD4 + and CD8* T 4J 
cells respond to different antigens or the same antigen 
presented under different circumstances. The binding of 
immunogenic peptides to class II MHC antigens most com- 
monly occurs for antigens ingested by antigen 

Therefore, CD4 + T cells generally presenting cells. 50 
Therefor, CD + T cells generally recognize antigens that have 
been external to the tumor cells. By contrast, under normal 
circumstances, binding of peptides to class I MHC occurs 
only for proteins present in the cytosol and synthesized by 
the target itself, proteins in the external environment are 55 
excluded. An exception to this is the binding of exogenous 
peptides with a precise class I binding motif which are 
present outside the cell in high concentration. Thus. CD4* 
and CD8 + T cells have broadly different functions and tend 
to recognize different antigens as a reflection of where the ^ 
antigens normally reside. 

As disclosed within the present invention, the protein 
product expressed by the HER-2/neu oncogene is recog- 
nized by T cells. Such a protein expression product "turns 
over" within cells, i.e.. undergoes a cycle wherein a synthe- 65 
sized protein functions and then eventually is degraded and 
replaced by a newly synthesized molecule. During the 
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protein life cycle, peptide fragments from the protein bind to 
major histocompatibility complex (MHC) antigens. By dis- 
play of a peptide bound to MHC antigen on the cell surface 
and recognition by hostT cells of the combination of peptide 
plus self MHC antigen, a malignant cell will be immuno- 
genic to T cells. The exquisite specificity of the T cell 
receptor enables individual T cells to discriminate between 
protein fragments which differ by a single amino acid 
residue. 

During the immune response to a peptide. T cells express- 
ing a T cell receptor with high affinity binding of the 
peptide-MHC complex will bind to the peptide-MHC com- 
plex and thereby become activated and induced to prolifer- 
ate. In the first encounter with a peptide, small numbers of 
immune T cells will secrete lymphokines, proliferate and 
differentiate into effector and memory T cells. The primary 
immune response will occur in vivo but has been difficult to 
detect in vitro. Subsequent encounter with the same antigen 
by the memory T cell will lead to a faster and more intense 
immune response. The secondary response will occur either 
in vivo or in vitro. The in vitro response is easily gauged by 
measuring the degree of proliferation, the degree of cytokine 
production, or the generation of cytolytic activity of the T 
cell population re-exposed in the antigen. Substantial pro- 
liferation of the T cell population in response to a particular 
antigen is considered to be indicative of prior exposure or 
priming to the antigen. 

Within one aspect of the present invention, a malignancy 
in which a HER-2/neu oncogene is associated may be 
detected. Representative examples of such malignancies 
include breast, ovarian, colon, lung and prostate cancers. An 
immune response to the HER-2/neu protein, once generated, 
can be long-lived and can be detected long after 
immunization, regardless of whether the protein is present or 
absent in the body at the time of testing. In one embodiment, 
prior exposure of a warm-blooded animal, such as humans, 
to the HER-2/neu protein can be detected by examining for 
the presence or absence of specific activation of CD4 + or 
CD8 + T cells. More specifically, T cells isolated from an 
individual by routine techniques (such as by Ficoll/Hypaque 
density gradient centrifugation of peripheral blood 
lymphocytes) are incubated with HER-2/neu protein. For 
example. T cells may be incubated in vitro for 2-9 days 
(typically 4 days) at 37° C. with HER-2/neu protein 
(typically, 5 ug/ml of whole protein or 25 ug/ml of an 
appropriate peptide or graded numbers of cells synthesizing 
HER-2/neu protein). It may be desirable to incubate another 
aliquot of a T cell sample in the absence of HER-2/neu 
protein to serve as a control. 

Specific activation of CD4 + or CD8 + T cells may be 
detected in a variety of ways. Methods for detecting specific 
T cell activation include detecting the proliferation of T 
cells, the production of cytokines (e.g.. lymphokines), or the 
generation of cytolytic activity (i.e., generation of cytotoxic 
T cells specific for HER-2/neu protein). For CD4 + T cells, a 
preferred method for detecting specific T cell activation is 
the detection of the proliferation of T cells. For CD8+T cells, 
a preferred method for detecting specific T cell activation is 
the detection of the generation of cytolytic activity. 

Detection of the proliferation of T cells may be accom- 
plished by a variety of known techniques. For example. T 
cell proliferation can be detected by measuring the rate of 
DNA synthesis. T cells which have been stimulated to 
proliferate exhibit an increased rate of DNA synthesis. A 
typical way to measure the rate of DNA synthesis is. for 
example, by pulse-labeling cultures of T cells with tritiated 
thymidine, a nucleoside precursor which is incorporated into 
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newly synthesized DNA. The amount of tritiated thymidine 
incorporated can be determined using a liquid scintillation 
spectrophotometer. Other ways to detect T cell proliferation 
include measuring increases in interleukin-2 (IL-2) 
production, Ca 2+ flux, or dye uptake, such as 3-(4.5- 
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium. 
Alternatively, synthesis of lymphokines (such as interferon- 
gamma) can be measured or the relative number of T cells 
that can respond to intact pl85 WCT 2 '' KU protein or peptide 
may be quantified. 
Intact pi g5«£R-2""™ protein or peptides thereof which are 



LQVFETLEEITGYLY (p397^lll) (Seq. ID No. 58); 
QVFETLEEITGYLYI (p398^tl2) (Seq. ID No. 37); QVIR- 
GRELHNGAYSL (p429^143) (Seq. ID No. 57); QECVEE- 
CRVLQGLPR (p538-552) (Seq. ID No. 38); ASPLTSI- 
s ISAVVGIL (p648-662) (Seq. ID No. 59); 
VWLGWFGILIKRR (p664-678) (Seq. ID No. 39); KYT- 
MRRLLQETELVE (p684-698) (Seq. ID No. 40); 
RRLLQETELVEPLTPS (p688-703) (Seq. ID No. 63); 
GAMPNQAQMRILKET (p704-718) (Seq. ID No 41); 
10 VKVLGSGAFGTVYKG (p723-737) (Seq. ID No 42); 
SPKANKEELDEAYVM (p760-774) (Seq. ID No 43); 



recognized by cytotoxic T cells" may be used within the GVGSPYVSRLLGICL (p776-790) (Seq. ID No 44); 
present invention. The peptides may be naturally derived or SRLLGICLTSTVQLV ( P 783-797) (Seq. ID No 45); 
produced based upon an identified sequence. The peptides GSQDLLNWCMQIAKG (p818-832) (Seq. ID No 46); 
for CD8 + T cell responses are generally 8-10 amino acids in is V KITDFGL ARLLDID (p859-873) (Seq. ID No 47); 
length and the peptides for CD4*T cell responses are longer. TVWELMTFGAKPYDG (p91 1-925) (Seq. ID No. 48); 
e.g! 15-18 amino acids in length. Peptides for CD8 + T cell PAREIPDLLEKGERL (p927-941) (Seq. ID No. 49); 
responses vary according to each individual's class I MHC RFRELVSEFSRMARD (p968-982) (Seq. ID No. 50); 
molecules. An example of peptides appropriate for CD8 + T ELVSEFSRMARDPQ ( P 97 1-984) (Seq. ID No. 64); 
cell responses (elicited by peptides presented by HLA-A2.1 20 EDDDMGDLVDAEEYL (pl010-1024) (Seq. ID No. 51); 
class I MHC molecules) are peptides which are 8-10 amino GMGAAKGLQSLPTHD (pl091-1105) (Seq. ID No. 52); 
acids in length and contain a leucine at position 2 and/or a TCSPQPEYVNQPDVR (pll32-1146) (Seq. ID No. 53); 
leucine or valine at position 9. Examples of peptides TLERPKTLSPGKNGV (pll66-1180) (Seq. ID No. 54); or 
(designated by one letter abbreviations for amino acids and GGAVENPEYLTPQGG (pll88-1202) (Seq. ID No. 55). 
followed in parentheses by which residues of pl85 they 25 » will be evident to those of ordinary skill in the art that 
correspond) suitable within the present invention for CD8 + other peptides may be produced for use within the present 
T cell responses in individuals that are HLA-A2. 1 include invention, both for the HLA-A2.1 class I MHC molecule as 
peptides consisting essentially of: HLYQGCQW (p48-56) well as for the other class I and class E molecules. A variety 
(Seq. ID No. 1); QLFEDNYAL (pl06-114) (Seq. ID No. of techniques are well known for isolating or constructing 
26): KIFGSLAFL (p369-377) (Seq. ID No. 27); 30 peptides. Suitable peptides are readily identified based upon 
PLQPEQLQV (p39 1-399) (Seq. ID No. 2); PLTSIISAV the disclosure provided herein. Additional suitable peptides 



(p650-658) (Seq. ID No. 3); EXVWLGV (p66^669) (Seq. 
ID No. 4); LLVWLGW (p662-670) (Seq. ID No. 5); 
RLLQETELV (p689-697) (Seq. ID No. 6); 
ILDEAYVMAGV (p767-777) (Seq. ID No. 28); 
VMAGVGSPYV (p773-782) (Seq. ID No. 29); CLT- 
STVQLV (p789-797) (Seq. ID No. 7); DLAARNVLV 
(p845-853) (Seq. ID No. 8); VLVKSPNHV (p85 1-859) 
(Seq. m No. 9); TLSPGKNGV (plll72-1180) (Seq. ID No. 



include those which are longer in length. For example, 
another peptide has an amino acid sequence corresponding 
to that disclosed in FIG. 1 beginning at about the lysine 
residue at amino acid position 676 and extending to about 
the valine residue at amino acid position 1255. Such a 
peptide may be extended (e.g.. by the addition of one or 
more amino acid residues selected, for example, from posi- 
about position 646 of FIG. 1) and/or truncated 



10)- VLGVVFGIL (p666-674) (Seq. ID No. 11); 40 (e.g.. by the deletion of one or more amino acid residues 
_ . . — ~ m »t imni.iinn * a 1 1 ;,. «« r ;t,v,„ nee nf TTir; 



LIKRRQQKI (p674-682) (Seq. ID No. 12); KIPVAIKVL 
(p747-755) (Seq. ID No. 13); ILDEAYVMA (p767-775) 
(Seq. ID No. 14); QLMPYGCLL (p799-807) (Seq. ID No. 
15); QIAKGMSYL (p829-836) (Seq. ID No. 16); LLNWC- 
MQIA (p822-830) (Seq. ID No. 17); RLVHRDLAA 
(pS40_848) (Seq. ID No. 18); DIDETEYHA (p87 1-879) 
(Seq. ID No. 19); DLLEKGERL (p933-941) (Seq. ID No. 
20); TTDVYMLMV (p948-956) (Seq. ID No. 21); MIM- 
VKCWMI (p953-961) (Seq. ID No. 22); DLVDAEEYL 
(pl016-1024) (Seq. ID No. 23); GLEPSEEEA 
(p 1062-1 070) (Seq. ID No. 24); or YLTPQGGAA 
(pi 196-1204) (Seq. ID No. 25). 

Peptides for CD4 + T cell responses vary according to each 
individual's class H MHC molecules. Examples of peptides 



from the carboxyl terminus which is position 1255 of FIG. 
1). Alternatively, suitable peptides may be variations on 
other preferred peptides disclosed herein. For example, 
variations on the peptide designated herein as p650-658 
include the extension and/or truncation by the addition or 
deletion, respectively, of one or more amino acid residues 
beginning at either position 650 or position 658 or both 
positions. As an example, four amino acids are removed 
from the amino terminus of p650-658 and four amino acids, 
such as the four adjacent to position 658, are added to its 
carboxylterminus. Although this particular peptide variation 
results in a peptide with the same number of total amino 
acids (nine), a peptide variation on a preferred peptide need 
not be identical in length. Variations in amino acid sequence 



suitable within the present invention for CD4 + T cell 55 that yield peptides having substantially the same desired 



responses include peptides consisting essentially of: HLD- 
MLRHLYQGCQW (p42-56) (Seq. ID No. 30); PLQRL- 
RIVRGTQLFE (p95-109) (Seq. ID No. 31); 
RLRIVRGTQLFEDNYAL (p98-114) (Seq. JD No. 61); 
LRSLTEILKGGVLIQ (pl42-156) (Seq. ID No. 32); 6 
VTYNTDTFESMPNPE (p272-286) (Seq. ID No. 33); 
NQEVTAEDGTQRCEK (p3 19-333) (Seq. ID No. 56); 
TQRCEKCSKPCARVCYGL(p328-345) (Seq. ID No. 60); 
HLREVRAVTSANIQE (p349-363) (Seq. ID No. 34; 
VRAVTSANIQEFAGC (p353-367) (Seq. ID No. 35); < 
NIQEFAGCKKIFGSL (p360-374) (Seq. ID No. 36); 
KIFGSLAFLPESFDGD (p369-384) (Seq. ID No. 62); 



biological activity are within the scope of the present 
invention. 

For therapeutic purposes. CD4 + or CD8 + T cells that 
proliferate in the presence of HER-2/neu protein can be 
expanded in number either in vitro or in vivo. Proliferation 
of such T cells in vitro may be accomplished in a variety of 
ways. For example, the T cells can be re-exposed to HER- 
2/neu protein. It may be desirable to repeat the exposure of 
T cells to the HER-2/neu protein to induce proliferation. It 
may be further desirable to include T cell growth factors, 
such as interleukin-2, and/or stimulator cells which synthe- 
size HER-2/neu protein. The addition of stimulator cells is 
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preferred where generating CD8* T cell responses. HER-2/ 
neu protein-specific T cells can be grown to large numbers 
in vitro with retention of specificity in response to intermit- 
tent restimulation with the immunizing HER-2/neu protein. 
Briefly, for the primary in vitro stimulation (IVS), large 
numbers of lymphocytes (e.g.. greater than 4xl0 7 ) are 
placed in flasks with media containing human serum. HER- 
2/neu protein (e.g.. peptide at 10 ug/ml) is added directly as 
well as 5 ug/ml tetanus toxoid. The flasks are incubated at 
37° C. for 7 days. For the second IVS. at the end of the 7 
days. T cells are harvested and placed in new flasks with 2-3 
xlO 7 irradiated peripheral blood mononuclear cells. HER- 
2/neu protein (e.g., peptide at 10 ug/ml is added directly). 
The flasks are incubated at 37° C. for 7 days. On day 2 and 
day 4 after the second IVS, 2-5 units of interleukin-2 (IL-2) 
is added. For the third IVS, the T cells are placed in wells 
(e.g., 24 well plates). The T cells are stimulated with the 
individual's own EBV transformed B cells coated with the 
peptide. IL-2 is added on days 2 and 4 of each cycle. As soon 
as the cells are shown to be specific cytotoxic T cells, they 
are changed to a 10 day stimulation cycle with higher IL-2 
(20 units) on days 2. 4 and 6 to expand them. 

Alternatively, one or more T cells that proliferate in the 
presence of HER-2/neu protein can be expanded in number 
by cloning. Methods for cloning cells are well known in the 
art. For example. T cell lines may be established in vitro and 
cloned by limiting dilution. Responder T cells are purified 
from the peripheral blood of sensitized patients by density 
gradient centrifugation and sheep red cell rosetting and 
established in culture by stimulating with the nominal anti- 
gen in the presence of irradiated autologous filler cells. In 
order to generate CD4 + T cell lines. HER-2/neu protein is 
used as the antigenic stimulus and autologous peripheral 
blood lymphocytes (PBL) or lymphoblastoid cell lines 
(LCL) immortalized by infection with Epstein Barr virus are 
used as antigen presenting cells. In order to generate CDS*" 
T cell lines, autologous antigen-presenting cells transfected 
with an expression vector which produces relevant HER-2/ 
neu protein may be used as stimulator cells. Established T 
cell lines are cloned 2-4 days following antigen stimulation 
by plating stimulated T cells at a frequency of 0.5 cells per 
well in 96-well flat-bottom plates with 1 x 10 s irradiated PBL 
or LCL cells and recombinant interleukin-2 (rIL2) (50 
U/ml). Wells with established clonal growth are identified at 
approximately 2-3 weeks after initial plating and restimu- 
lated with appropriate antigen in the presence of autologous 
antigen-presenting cells, then subsequently expanded by the 
addition of low doses of rIL2 ( 10 U/ml) 2-3 days following 
antigen stimulation. T cell clones are maintained in 24-well 
plates by periodic restimulation with antigen and rIL2 
approximately every two weeks. 

Regardless of how an individual's T cells are proliferated 
in vitro, the T cells may be administered to the individual as 
an anti-cancer composition in an amount effective for thera- 
peutic attack against a tumor. Thus, a patient's own T cells 
(autochthonous T cells) can be used as reagents to mediate 
specific tumor therapy. Typically, about lxlO 9 to 1x10" T 
cells/M 2 will be administered intravenously or intracavitary, 
e.g.. in pleural or peritoneal cavities, or in the bed of a 
resected tumor. It will be evident to those skilled in the art 
that the number and frequency of administration will be 
dependent upon the response of the patient. Pharmaceuti- 
cally suitable carriers or diluents for T cells include physi- 
ological saline or sera. It will be recognized by one skilled 
in the art that the composition should be prepared in sterile 

T cells may also be proliferated in vivo. For example, 
immunization of an individual with a HER-2/neu peptide 
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(Le.. as a vaccine) can induce continued expansion in the 
number of T cells necessary for therapeutic attack against a 
tumor in which the HER-2/neu oncogene is associated. 
Typically, about 0.01 ug/kg to about 100 mg/kg body weight 

5 will be adirtinistered by (he intradermal, subcutaneous or 
intravenous route. A preferred dosage is about 1 ug/kg to 
about 1 mg/kg. with about 5 ug/kg to about 200 ^g/kg 
particularly preferred. It will be evident to those skilled in 
the art that the number and frequency of administration will 

10 be dependent upon the response of the patient. It may be 
desirable to administer the HER-2/neu peptide repetitively. 
It will be evident to those skilled in this art that more than 
one HER-2/neu peptide may be administered, either simul- 
taneously or sequentially. For example, a combination of 

15 about 8-15 peptides may be used for immunization. Pre- 
ferred peptides for immunization are those that include all or 
a portion of the amino acid sequence shown in FIG. 1 
beginning at about the lysine residue at amino acid position 
676 and extending to about the valine residue at amino acid 

20 position 1255. One or more peptides from other portions of 
the amino acid sequence shown in FIG. 1 may be added to 
one or more of the preferred peptides. Neither intact 
pjg 5 «ff*-2/n«« protein nor a peptide having the amino acid 
sequence of its entire extracellular domain (i.e., a peptide 

25 having an amino acid sequence of the entire amino acid 
sequence shown in FIG. 1 up to amino acid position 650, 
plus or minus about one to five positions, and with or 
without the first 21 amino acid positions) are used alone for 
immunization. 

30 In addition to the HER-2/neu peptide (which functions as 
an antigen), it may be desirable to include other components 
in the vaccine, such as a vehicle for antigen delivery and 
immunostimulatory substances designed to enhance the pro- 
tein's immunogenicity. Examples of vehicles for antigen 

35 delivery include aluminum salts, water-in-oil emulsions, 
biodegradable oil vehicles, oil-in-water emulsions, biode- 
gradable microcapsules, and liposomes. Examples of immu- 
nostimulatory substances (adjuvants) include 
N-acetylmuramyl-L-alanine-D-isoglutamine (MDP), 

40 lipopoly-saccharides (LPS), glucan. IL-12. GM-CSF. 
gamma interferon and IL-15. It will be evident to those 
skilled in this art that a HER-2/neu peptide may be prepared 
synthetically or that a portion of the protein (naturally- 
derived or synthetic) may be used. When a peptide is used 

45 without additional sequences, it may be desirable to couple 
the peptide hapten to a carrier substance, such as keyhole 
limpet hemocyanin. 

The present invention also discloses that HER-2/ neu 
protein, in addition to being immunogenic to T cells, appears 

50 to stimulate B-cells to produce antibodies capable of recog- 
nizing HER-2/neu protein. Detection of such antibodies 
provides another way to diagnose a malignancy in which a 
HER-2/neu oncogene is associated with the malignancy. 
Antibodies specific (i.e., which exhibit a binding affinity of 

55 about 10 7 liters/mole or better) for HER-2/neu protein may 
be found in a variety of body fluids including sera and 
ascites. Briefly, a body fluid sample is isolated from a 
warm-blooded animal, such as a human, for whom it is 
desired to determine whether antibodies specific for HER- 

60 2/neu are present. The body fluid is incubated with HER- 
2/neu protein under conditions and for a time sufficient to 
permit immunocomplexes to form between the protein and 
antibodies specific for the protein. For example, a body fluid 
and HER-2/neu protein may be incubated at 4° C. for 24-48 

65 hours. Following the incubation, the reaction mixture is 
tested for the presence of immunocomplexes. Detection of 
one or more immunocomplexes formed between HER-2/neu 
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protein and antibodies specific for HER-2/neu protein may In another preferred embodiment, a reporter group is 

be accomplished by a variety of known techniques, such as bound to a second antibody capable of binding to the 

radioimmunoassays (RIA) and enzyme linked immunosor- antibodies specific for HER-2/neu protein. The step of 

bent assays (ELISA). detecting irnmunocomplexes involves (a) removing substan- 

Suitable immunoassays include the double monoclonal 5 tially any unbound antibody, (b) adding the second antibody, 

antibody sandwich immunoassay technique of David et al. ( c ) removing substantially any unbound second antibody 

(U.S. Pat. No. 4376.110); monoclonal-polyclonal antibody and then (d) detecting the presence or absence of the reporter 

sandwich assays (Wide et al., in Kirkham and Hunter, eds., group. Where the antibody specific for HER-2/neu protein is 

Radioimmunoassay Methods, E. and S. Livingstone, derived from a human, the second antibody is an anti-human 

Edinburgh. 1970); the "western blot" method of Gordon et 10 anu body. 

al. (U.S. Pat. No. 4.452.901); inimunopredpitadon of Jn a thhd ferred embodimen , for detecting 

labeled ligand (Brown et al., J. Biol. Chem. 255:4980-4983. irnmunc .complexes. a reporter group is bound to a molecule 

1980); enzyme-linked immunosorbent assays as described We rf binding (0 ^ i^unocompiexes. Th e step of 

by, for example, Raines and Ross (J. Biol Chem. detectin involves (a ) adding the molecule, (b) removing 

257:5154-5160. 1982); immunochemical techniques. 15 unbound mo]ecu i e . and then (c) detecting 

including the use of fluorochromes (Brooks et al„ CUn. Exp. ^ nce of absence Qf me ^ ^ exampie 

Immunol. 39: 477. 1980); and neutralization of activity f lecu , e b]e rf bindin to ^ ^^^i^s 

fBowen-Pope et al„ Proc. Natl. Acad. Sci. USA i mA 

8 1:2396-2400( 1984)], all of which are hereby incorporated \ . „„„•„♦,, „ f 

by reference. In adtution to the immunoassays described „ \"f «* ™de»t ° <«*M ^„to ^nttV^fbe 

above, a number of other immunoassays are available, ™ methods for detecting the irnmunocomplexes may be 

including those described in U.S. Pat. Nos, 3.817,827; empl°ved within the present mvention Reporter groups 

3 810 752- 3 90 1 654" 3 935 074- 3 984 533 • 3 996345 ■ sultable for use m an y of me methods include radioisotopes. 

rated by reference 25 111 a relate(1 as Pect of the present invention, detection of 

For detection purposes. HER-2/neu protein ("antigen") irnmunocomplexes formed between HER-2/neu protein and 

may either be labeled or unlabeled. When unlabeled, the antibodies in body fluid which are specific for HER-2/neu 

antigen find use in agglutination assays. In addition, unla- protein may be used to monitor the effectiveness of cancer 

faded antigen can be used in combination with labeled therapy for a malignancy in which the HER-2/neu oncogene 

molecules that are reactive with irnmunocomplexes. or in 30 is associated Sa^of body fli^^ ft^»mdividud 

combination with labeled antibodies (second antibodies) P™r to and subsequent to initiation of therapy may be 

that are reactive with the antibody directed against HER-2/ analyzed for the irnmunocomplexes by the methodologies 

neu protein, such as antibodies specific for immunoglobulin. described above. Briefly, the nuirAer of immunocomplexes 

Alternatively, the antigen can be directly labeled. Where it detected in both samples are compared. A substantial change 

is labeled, the reporter group can include radioisotopes. 35 in the number of irnmunocomplexes in the second sample 

fluorophores. enzymes, luminescers. or dye particles. These (post-therapy initiation) relative to the first sample (pre- 

and other labels are well known in the art and are described. therapy) reflects successful therapy, 

for example, in the following U.S. Pat. Nos.: 3.766.162; The following examples are offered by way of illustration 

3.791.932; 3.817.837; 3.996345; and 4.233.402. and not by way of limitation. 

Typically in an ELISA assay, antigen is adsorbed to the 40 Mp . _„ 

surface of a microtiter well. Residual protein-binding sites EAAJViru» 

on the surface are then blocked with an appropriate agent. Example 1 
such as bovine serum albumin (BSA). heat-inactivated nor- 

mal goat serum (NGS), or BLOTTO (buffered solution of CD4+T Cells Responsive to pl85(HER-2/neu) 

nonfat dry milk which also contains a preservative, salts, and 45 Protein and Peptides Can Be Detected in Higher 

an antifoaming agent). The well is then incubated with a Frequency in Patients with Breast Cancer than 

sample suspected of containing specific antibody. The Normal Individuals 

sample can be applied neat, or, more often, it can be diluted. . 

uZiy in a burteed solution which contains a small amount A. P 185(HER-2/neu) Protein Contains Multiple Segments 

(0.1% -5.0% by weight) of protein, such as BSA. NGS. or 50 wim Amino Acid Sequences Appropriate for Binding to 

BLOTTO. After incubating for a sufficient length of time to Class E MHC Molecules 

allow specific binding to occur, the well is washed to remove Soluble proteins are classically processed in the class E 

unbound protein and then incubated with an anti-species MHC pathway. plSS"**- 2 """" protein is a transmembrane 

specific immunoglobulin antibody labeled with a reporter protein present at the cell surface. When overexpressed. it 

group. The reporter group can be chosen from a variety of 55 has been found to be soluble and in the extracellular envi- 

enzymes. including horseradish peroxidase, beta- ronment both in vitro and in vivo. In vitro studies of human 

galactosidase. alkaline phosphatase, and glucose oxidase. breast cancer cell lines found the extracellular domain of 

Sufficient time is allowed for specific binding to occur, then pl85 WER :2/ " e " in culture media of rapidly growing cells 

the well is again washed to remove unbound conjugate, and (Alper et al.. Cell Growth and Differentiation 1:591-599. 

the substrate for the enzyme is added. Color is allowed to eo 1990; Zabrecky el al., J. Biol. Chem. 266:1716-1720. 1991). 

develop and the optical density of the contents of the well is In vivo studies identified circulating portions of the protein 

determined visually or instrumentally. in the sera of patients with breast cancer (Leitzel et al.. J. 

In one preferred embodiment of this aspect of the present Clin. Oncol. 10:1436-1443. 1992; Mori et al.. Jpn. J. 

invention, a reporter group is bound to HER-2/neu protein. Cancer Res. 8 1:489-494. 1990). 

The step of detecting irnmunocomplexes involves removing 65 Peptide segments of the parental HER-2/neu protein with 

substantially any unbound HER-2/neu protein and then a motif with theoretical potential to bind to class E MHC 

detecting the presence or absence of the reporter group. molecules were identified herein. Locating potential T cell 
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epitopes was aided by computer analysis. A protein TAENPEYLGLDVPV (Seq. ID No. 65), from the carboxyl 
sequence analysis package. T Sites, that incorporates several domain of human c-neu gene product, and fusion of mouse 
computer algorithms designed to distinguish potential sites splenocytes with SP2/0 myeloma cells. A second antibody, 
for T cell recognition was used (Feller and de la Cruz, c-neu AB-1. gave very faint bands when compared with 
Nature 349:720-721. 1991). Two searching algorithms were 5 c-neu Ab-3. This antibody was a polyclonal rabbit affinity 
used: (1) the AMPHI algorithm described by Margalit purified antibody against the peptide sequence, LARLL- 
(Feller and de la Cruz, Nature 349:720-721, 1991; Margalit DIDETEYAD (Seq. ID No. 66). from the kinase domain of 
et al.. J. Immunol. 138:2213-2229. 1987) identified epitope * e human c " neu 8 ene P^ U .£L, . 
motifs according to alpha-helical periodicity and amphip- Transmembrane pl85" £ff - ~ ^oteir, was punfied from 
athicity; (2) the Rothbard and Taylor algorithm identified 10 * e ce " memb ™ e ° f SK ^° by mod f nations of 
epitope motifs according to charge and polarity pattern ff 10 ? 8 for m ^^~ ,ed P r0 f"/ 
rvnthh,rA »nH tw™- FMnn 7-qI mrt iqssi siJLvnt* < Dhut et ^ ^utofua 4:745-750, 1990; Mietzner et al.. J. 
^fil and Taylor, EMBO 7.93-100. 1988). SegmenU ^ 165:1041-1057. 1987). ThreexlO 6 SKBR3 cells 
with .both motifs are most appropriate for binding to class H w £ e harveste(J and ded in phosphate buffered saline 
MHC molecules, with the caveat that each particular MHC (pBS) with ^ foUowing protease inhibitors; 1 mM PMSF. 
molecule has a particular binding motif. Using this analysis. 15 t ^ be nzamidine. 5 ug/ml aprotinin. All procedures were 
more than 40 potential T cell epitopes in the HER-2/neu done on ice or at 40 c The ceUs were men disrupted by 
protein corresponding to the AMPHI and the Rothbard sonication at 75W for a total of 1 minute using a high 
motifs that would have the potential for binding to class II intensity sonifier equipped with a microtip (Branson 
MHC molecules were identified (FIG. 1). Instruments, Inc., Stamford, Conn.). The resulting suspen- 
Peptides, each 15 amino acids in length, that encompass 20 sion was then centrifuged for 1 hour at 35,000 rpm to 
both the AMPHI and Rothbard motifs were constructed. The sediment membranes from cytosolic fraction. The mem- 
optimal peptide length for class H MHC binding depends brane pellet was washed in ice cold PBS with protease 
upon the particular MHC molecule and may be shorter than inhibitors and the cycle of sorucation/centrifugation was 
15 amino acids. However, class H MHC responses to repeated twice. All cytosolic (supernatant) and membranous 
exogenous peptides allow for endocytosis and intracellular 25 fractions were tested for the presence of pl$5 HER ~* / ""' by 
processing of longer peptides. One of the synthetic peptides Western analysis. The protein was noted to be strongly 
(p42-56). HLDMLRHLYQGCQW (Seq. ID No. 30). is concentrated in the membrane fraction, 
located in the extracellular domain and has 33% homology Protein concentration of one of these enriched membrane 
to epidermal growth factor receptor (EGFR). Two other pellets was determined to be 2625 ug/ml (Protein BioRad 
synthetic peptides. SRLLGICLTSTVQLV (p783-797) (Seq. 30 assay). p\%5 MER :Una ' is an estimated 8% of membrane 
ED No. 45)andTLERPKTLSPGKNGV(pll66-1180)(Seq. protein in SKBR3 (Leitzel et al., J. Clin. Oncol. 
ED No. 54)are both located in the intracellular domain and 10:1436-1443. 1992); therefore, an estimated 210 jig of 
have 87% and 7% homology to EGFR respectively. The pl85 H£:R 2/ """ were present in the membrane pellet from 
peptides as well as partially purified whole protein 3xl0 6 SKBR3 cells. 

{pn5" ER 7Jnm ) were used in subsequent defined experi- 35 If desired, the membrane preparation may be further 
ments to detect CD4+T cell proliferation responses (Section enriched for pl&5 HE *' 2 "™' e.g.. by immunoprecipitation. 
C. below). Briefly, 1 ug of c-neu 3 antibody and 15 ul protein A agarose 
B. pl85(HER-2/neu) Protein can be Obtained and Purified were added to the sonicated membrane pellet. The mixture 
from the Human Breast Adenocarcinoma Cell Line SKBR3 was incubated at 4° C. on a rocker for 24 hours. The 
Purified pi 85 forT cell proliferation studies and antibody 40 immunoprecipitate was collected by centrifugation in a 
detection studies was obtained from the cell line SKBR3. micro-centrifuge at 2500 rpm for 15 minutes at 4° C. and 
SKBR3 has been reported on extensively in the literature as the resulting pellet was washed several times with PBS, 1% 
a commonly used standard cell line with increased HER-2/ Trition X-100. 0.5% sodium deoxycholate. and 0.1% 
neu gene copy number and HER-2/neu protein overexpres- sodium dodecyl sulfate. Silver stain and Western analysis 
sion. In one study. SKBR3 cells were found to contain a 45 showed increased concentration of pl&5 HER - 2/n * u protein 
mean HER-2/neu oncogene copy number of 43 copies/cell and decreases in extraneous membrane proteins when corn- 
compared with 2.5 copies/cell for MCF-7. a breast cancer pared to membrane enriched pellets alone, 
cell line considered to be a standard cell line without C. CD4+T Cells Reactive topi 85(HER-2/neu) Protein can 
HER-2/neu gene amplification (Kallionieme et al., Proc. be Elicited from PBL of Normal Individuals by using an 
Natl. Acad. Sci. USA 89:5321-5325. 1992). SKBR3 is 50 Assay Designed to Detecting Low Frequency Lymphocyte 
reported to be one of the highest known expressors of Precursors 

plS5 HER ~ 2ft "" protein by immunohistochemistry, 4+ com- Three assays were used for the detection of CD4 + 

pared to 1+ in MCF-7 (Kerns et al.. J. Histochem. & responses: a standard proliferation assay, a screening 

Cytochem. 38:1823-1830, 1990). The same HER-2/neu method for low frequency events, and a limiting dilution 

bands as described in the literature were validated in the 55 assay (LDA). Conventional proliferative assays are capable 

present experiments by Western analysis. Bands detected of readily detecting primed responses. The proliferative 

included pl85, pl05 (extracellular domain), and several response stimulation index provides a rough correlation with 

smaller bands that presumably represent fragments of phos- precursor frequency of antigen-reactive T cells. Any specific 

phorylated protein (Alper et al.. Cell Growth and Differen- proliferative response detected from PBL is considered to be 

tiation 1:591-599, 990; Zabrecky et al.. /. Biol. Chem. 60 a primed response. 

266:1716-1720, 1991; Stern et al., Mol. Cell. Biol. To provide a more quantitative interpretation of CD4 + T 

8:3969-3973. 1988). cell responses, the assay system developed for detecting low 

The antibodies used for detecting the HER-2/neu protein lymphocyte precursor frequency responses (described 

immunoblotting were commercially prepared by Oncogene below) is used. This assay is simple and cost-effective. In 

Science (Manhasset, N.Y.). The antibody most commonly 65 circumstances in which more precision is needed, the pre- 

used in the present experiments was c-neu Ab-3; derived by cursor frequency is validated by limiting dilution assays 

immunization of BALB/c mice with a peptide sequence, (Bishop and Orosz. Transplantation \l:(T!\-6n, 1989). 
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Responses greater than detected in normal individuals are 
denned as a primed response and imply existent immunity. 
Low responses, detectable only by LDA conditions are 
considered to be unprimed responses. An absent response by 
LDA or a response lower than that defined by the normal 5 
population analysis is considered to be tolerance/anergy. 

In general, primed CD4 + T cell responses can be detected 
in conventional proliferative assays, whereas unprimed 
responses are not detectable in the same assays. Detection of 
small numbers of unprimed T cells is limited by confound- 10 
ing background thymidine uptake including the autologous 
mixed lymphocyte response (AMLR) to self MHC antigen 
plus responses to processed self serum proteins and exog- 
enously added serum proteins. 

To elicit and detect unprimed T cells, an assay system for 15 
low frequency responses based on Poisson sampling statis- 
tics was used (In: Pinnacles, Chiron Corporation. 1:1-2, 
1991). This type of analysis applies specifically to low 
frequency events in that, if the precursor frequency is less 
than the number of cells in one replicate culture, many 20 
replicates are required to detect a statistically significant 
number of positives. Theoretically, the analysis will correct 
for autologous responses by setting up a known positive 
control (such as PHA or tetanus toxoid) and known negative 
control (no antigen) and evaluating all data points from 25 
lowest to highest irrespective of the experimental group to 
which they belong. A cutoff value is calculated based on the 
equation cutoff=M+(F+SD). where M=arithmetic mean, 
F=3.29. a factor from tables of standardized normal distri- 
bution chosen so not more than 0. 1% of the "true negatives" 30 
of a normally distributed background will be above the 
cutoff, and SD=standard deviation. In this screening assay, 
wells above the cutoff are considered true positives that 
potentially contain a lymphocyte that is specifically prolif- 
erating to the antigen of interest. Although estimations of 35 
lymphocyte precursor frequency is possible using this 
method, precise determination requires formal LDA analy- 

Analysis of PBL from normal individuals for HER-2/neu 
peptide and protein-specific T cells revealed the presence of 40 
a low level frequency of proliferative responses. A repre- 
sentative assay is described in FIG. 2. Seven normal subjects 
were analyzed, 4 males and 3 females. Of the seven indi- 
viduals evaluated. 57% had a response to whole protein and 
29% had a response to at least one individual peptide. The 45 
two individuals that responded to peptide also had responses 
to parental protein. Three males and one female had detect- 
able responses to the whole protein. Two males responded to 
one of the four peptides. Similar methods can be used to 
elicit HER-2/neu reactive T cells from patients with HER- 50 
2/neu positive malignancies, but no prior priming in vivo. 
Alternatively, the methods can be used to assess the efficacy 
of priming to HER-2/neu in vivo and the procurement of 
immune T cells to be expanded for therapy. 
D. CD4+ T Cells Reactive to pl85 HER-2/neu) and Peptide 55 
can be Detected in the Peripheral Blood of Patients with 
HER-2/neu Positive Breast Cancer in Levels Consistent with 



and chosen had different stages of disease and were in 
different stages of treatment. Five normal individuals' 
responses were analyzed in the same fashion, and none had 
an S.I. greater than 2 to any HER-2/neu protein or peptide 
(Table 1). 

TABLE 1 



Tbxoid p!85 p42-5( 



Four breast cancer patients with known HER- 2/neu tumor 
status have been evaluated in a standard proliferation assay. 6 
Three patients had tumors which overexpressed the HER- 
2/neu protein. Proliferation to antigen was consistent with a 
primed response (FIG. 3) (i.e., proliferation was detectable 
in a standard proliferation assay with a Stimulation Index 
(S.I.) greater than 2). One patient was HER-2/neu negative ( 
and had a response towards intact HER-2/neu. but no 
response to HER-2/neu-derived peptides. The patients tested 



Example 2 

CD8 + CTL Specific for HER-2/neu Peptides Can 
Be Generated from PBL of Normal individuals by 
Primary In Vitro Immunization to Synthetic 
Peptides Derived from the Normal Amino Acid 
Sequence of p 185(HER-2/neu) Protein 

A. pl85(HER- 2/neu) Protein Contains Multiple Segments 
with an Amino Acid Sequence Motif Appropriate for Bind- 
ing the Class I MHC Molecule HLA-A2.1 

CD8 + T cells recognize peptide bound to class I MHC 
molecules. In general, peptide determinants are derived from 
endogenously synthesized proteins. The rules which deter- 
mine the ability of a protein to be processed and complexed 
with class I MHC molecules are not completely understood. 
Recently, however, it has been determined that peptides 
binding to particular MHC molecules share discernible 
sequence motifs (Falk et al„ Nature 351:290-296. 1991). A 
peptide motif for binding in the groove of HLA-A2.1 has 
been denned by Edman degradation of peptides stripped 
from HLA-A2.1 molecules of a cultured cell line (Table 2. 
from Falk et al.. supra). The method identified the typical or 
average HLA-A2.1 binding peptide as being 9 amino acids 
in length with dominant anchor residues occurring at posi- 
tions 2 (L) and 9 (V). Commonly occurring strong binding 
residues have been identified at positions 2 (M), 4 (E.K), 6 
(V), and 8 (K). The identified motif represents the average 
of many binding peptides. 

TABLE 2 

The MA-A 2.1 Rearicted Motif 
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TABLE 2-continued 



The HLA-A2.1 Restricted M 



Y P K L Y 
F D Y T H 



The derived peptide motif as currendy defined is not 
particularly stringent Some HLA-A2.1 binding peptides do 
not contain both dominant anchor residues ana the amino 
acids flanking the dominant anchor residues play major roles 
in allowing or disallowing binding. Not every peptide with 
the current described binding motif will bind, and some 
peptides without the motif will bind. However, the current 
motif is valid enough to allow identification of some pep- 
tides capable of binding. 

According to the current motif, the pl85" £R2/ '* ! " protein 
contains a substantial number of peptides with amino acid 
sequences possibly appropriate for binding to the class I 
MHC antigen HLA-A2.1. Evaluation of the 1255 aa struc- 
ture of ol85™ fi ' 2 " u,u revealed at least 19 peptide segments 
n length that contained at least one of the dominant 



Having identified and synthesized peptides with a theo- 
retical likelihood of binding to HLA-A2.1, the constructed 
peptides were evaluated as to whether in fact they could 
bind, the sine quo non of cytotoxic T lymphocytes (CTL) 
generation. Of the four peptides constructed, all could be 
shown to bind to HLA-A2 in an assay utilizing the mutant 
cell line T2. T2 is a human T-B cell hybrid that has a large 
homozygous deletion within the MHC gene region (Riberdy 
and Cresswell, J. Immunol. 148:2586-2590, 1992; Trous- 
' dale et al.. Nature 348:741-744. 1990; Spies et al.. Nature 
348:744-747. 1990). The use of T2 to determine HLA-A2. 1 
binding peptides has been well defined. T2 does not appro- 
priately process endogenous antigen for presentation with 
5 class I MHC molecules. Consequently, cell surface expres- 
sion of class I MHC molecules is markedly reduced. 
However, provision of exogenous peptides which bind to 
and stabilize class I MHC in the presence of B2 microglo- 
bulin results in increased levels of class I at cell surface 
) which can be easily detected by immunofluorescent staining. 
T2 without exogenous peptide has low expression of HLA- 
A2 (30% -50%). When incubated with peptides able to bind 
A2. the level of class I MHC stabilizes on the cell surface 
and can be measured by immunofluorescent staining. Thus. 
5 the T2 line fails to present internal proteins in the class I 
pathway, but can bind exogenous peptides, providing that 
the exogenous peptides have the appropriate HLA-A2.1 
binding motif. 

s experiment. 1 xlO 6 T2 cells were incubated with 



anchor residues. Of note, the current HLA-A2.1 motif places 30 individual peptides at a concentration of 25 ug/ml for 18 



6 amino acids between the dominant anchor amino acids at 
residues 2 and 9. Recent studies show that alterations in 
secondary structure of peptides can sometimes allow for 
additional intervening residues, and thus longer binding 



hours at 37° C. Binding of peptides to HLA-A2 was deter- 
mined by immunofluorescent staining with a mouse mono- 
clonal HLA-A2 antibody followed by rabbit antimouse 
, IcG-FTTC conjugate. The peptides which bound HLA-A2 

^^^s^ts^ss^ » « «*« i -rr to - 85% (Mws 

• ■ — percentage points over baselme). 

C. CD8 + CTL Specific for HER-2/neu p48-56 and 
p789-797 can be Generated by Primary in 'Vitro Immuni- 



were considered. The arbitrary scoring system awarded +3 
for a dominant anchor residue. +2 for a strong binding 
residue, and +1 for a weak binding residue. Emphasis was 
placed on presence or absence of dominant anchor residues 
as they appear to be of prime importance for peptide binding 
to HLA-A2 (Parker et al.. J. Immunol. 148:3580-3587. 
1992). Four peptides were synthesized (Table 3). One is 
located in the extracellular domain of the protein and three 
are located in the intracellular domain. Homology to EGFR 



In general, detection of T cell responses in vitro implies 
prior priming has occurred in vivo. It has been difficult and 
rare to generate CTL in vitro from unprimed populations. 
Conditions for detecting immunity to standard recall 



ranges from 11% to 89% (Bargmanu et al.. Nature 4J ant igens were used and no peptide-specific CTL could be 
319:226-230. 1986). detected. A set of conditions were derived which have 

allowed priming to 4 of 4 of the binding peptides tested to 
TABLE 3 date. The conditions were derived by empiric experimenta- 

tion but are consistent with the current paradigm. Conditions 
so include: (1) large numbers of T cells; (2) a concurrent 
stimulated primed CD4 + T cell response; (3) DL-2 added late 
to culture in very small amounts; and (4) multiple restimu- 
lations. 

Initial experiments examined response to p48-56 which is 
55 normally present in the extracellular domain and p789-797 
which is normally present in the intracellular domain, both 
of which were found to bind to HLA-A2.1. Four of four 
peptides with a motif theoretically appropriate for binding to 
HLA-A2.1 are shown to actually bind to HLA-A2.1 in a 
60 class I MHC molecule stabilization assay (Table 4). T2 cells 
were incubated for 18 hours with the depicted synthetic 
plS5 HEB W ""' peptides. Cells were then washed and stained 
with antihuman HLA-A2 antibody (3%), a second step 
FTrC-conjugated antibody (3%) was then added. The % 
cell surface as measured by increased 
fluorescent intensity of cells incubated with peptide com- 
pared to cells incubated in medium alone is indicated. 



p48-56 HER - 2 *"° 
(Seq. ED No. 1) 
p789-797 HER - 2/ °~ 
(Seq. ID No. 7) 
P 851-859 HER - 2 '°™' 



CLTS TVQLV 
VLVKSPNHV 



B. Four of Four Peptides with a Motif Theoretically Appro- 
priate for Binding to HLA-A2.1 can be Shown to Actually 65 increase of class I 
Bind to HLA-A2. 1 in a Class I MHC Molecule Stabilization 
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from surgery. Their age was less than 55 and their HER-2/ 
neu tumor status was unknown. Anti-pl85 antibody was 
found in 55% of the group as evidenced by bands corre- 
sponding to the positive control. 

5 Antibody analysis was based on a modification of stan- 

^3_ 56 ' 20% dard Western blotting techniques (Laemmli, Nature 

P 789-797 20% 227:680-685. 1970; Burnett. Anal. Biochem. 112:195-203, 

P851-859 12% 1981)., A 7.5% SDS polyacrylamide gel was poured with a 

ptl72-ll80 10% single 12 cm long comb in the stacking gel to create a 

~~~~~ ~~ — — — — — — ~-— iq "trough." Two immunoprecipitated SKBR3 membrane 

After leukapheresis of a normal homozygous HLA-A2 preparations, described above, were dissolved in loading 
individual, bulk cultures of lymphocytes (3xl0 7 ) were incu- buffer and layered across the trough. The gel was then run 
bated with peptide in a concentration of 10 ug peptide/mi. in standard fashion resulting in a band of equally distributed 
An individual homozygous f or HLA-A2.1 was used on the proteins across the gel. The protein was transferred to 
presumption that a double dose of the MHC/peptide com- 15 nitrocellulose (Amersham Hybond) for subsequent immu- 
plex would allow more effective priming. Large numbers of noblotting and development by chernuuminescence methods 
lymphocytes were used to overcome the presumed low (Amersham ECL). Once protein transfer was complete, the 
frequency of precursors. Generation of CD8 + CTL responses nitrocellulose was cut lengthwise into 25 equal strips and 
has long been known to require concurrent stimulation of placed in a 25 well incubation tray. The nitrocellulose strips 
CD4 + T cell responses to provide help/amplification. Both 20 were mcn blocked with Tris buffered saline and 1% bovine 
peptides used were chosen for class I MHC binding, and serum albumin (TBS BSA) for 1 hour. This allows for 
presumably could not stimulate CD4 + helper T cells. To analysis of 23 patients with 2 control strips. Patient sera is 
provide T cell help, low concentrations (5 jig/ml) of tetanus used as primary antibody, and after blocking, the strips are 
toxoid were added to culture along with peptide. So as not incubated for 24 hours at 4° C. with sera diluted 1:200 and 
to overwhelm or dominate the culture with the tetanus 25 1:400 in TBS BSA. The second antibody is a goat antihuman 
toxoid response, titrations of tetanus toxoid had previously HRP conjugate which will interact with the chemilumines- 
been assessed in a standard proliferation assay with the cent developing reagent (Amersham ECL) resulting in light 
donor's lymphocytes and the concentration of tetanus toxoid emission which can be photographed. A control strip is 
that provided the lowest detectable stimulation index was developed with c-neu Ab3 antibody previously described in 
usea- 30 a similar fashion with this assay both IgA and IgG antibody 

Low doses of IL-2 added late to culture were used to specific for pi 85 were detected. Patient sera identified the 
1 lymphocyte proliferation. Within the present same pi 85 band (FIG. 5) as did the known HER-2/neu- 



disclosure. standard conditions for expanding in vivo primed specific antibody, providing evidence that some patients 

CTL following secondary sensitization in vitro usually have have existent antibody immunity to HER-2/neu. 

included IL-2 at 5-10 U/ml on day 2 of stimulation. Under 35 To validate these responses patient sera was tested against 

primary in vitro immunization conditions, similar concen- a murine cell line (NHI 3T3) that had been transfected with 

trations of IL-2 induced expansion of non-specifically lytic HER-2/neu cDNA. As a negative control, untransfected cells 

NK and T cells, presumably due to the predominance of NK were used. Membrane preparations were prepared from the 

cells and AMLR responsive cells relative to peptide-specific two cell lines and patient sera was used as primary antibody 

CTL. For in vitro priming, the T cell culture received no IL-2 w as F evious 'y described. The patient sera identified the same 

for the first 10 days, with only 1 unit/ml administered on day pl85 band as did the known HER-2/neu-specific antibody. 

+2 after the second IVS. Thereafter. IL-2 at 2 U/ml could be That band was present in the cells that contained HER-2/ 

aa^ninistered on day +2 and day +4 of the 7 day stimulation neu. but undetectable in the cells that did not contain 

cycle. T cells were stimulated with peptide on irradiated HER-2/neu (FIG. 6). 

PBL as APC every 7 days. Evaluation for specific lytic 45 Recombinant proteins of the extracellular and intracellu- 

function was performed after the fourth IVS and revealed lar domain portions of HER-2/neu were obtained. The 

specific lytic activity but substantial non-specific lytic NK extracellular protein (110 kD) and intracellular protein (75 

and T cell activity. Routine 3l Cr release assay performed kD) were resolved on a 7.5% SDS-PAG gel and incubated 

after the tenth IVS (FIG. 4) revealed greater than 50% lysis with patient sera as primary antibody as previously 

for both bulk T cell lines. Lysis against control targets of x described. The sera identified both proteins proving that 

K562 and Daudi was less than 2%. some patients have antibodies directed to both the extracel- 
lular and intracellular domain of the HER-2/neu protein 

Example 3 ( mG - 7 >- 

B. Seven Normal Individuals Showed no Evidence of Anti- 
Antibodies Directed Against HER-2/neu Protein body to HER-2/neu Protein 
Can Be Detected in the Sera of Patients with hi studies to determine the extent to which detection of 
Breast Cancer antibody to HER-2/neu is specific for malignancy, sera from 
seven normal individuals was obtained and analyzed in 
A Antibodies Directed against pi 85(HER-2/neu) identical fashion as described above. There was no evidence 

Protein and plO 5 (HER-2/neu) Extracellular antibodies directed toward any HER-2/neu protein 

Domain were Detected in the Sera of some Breast 60 C The Sera of Three Patients with Known HER-2/neu 
Cancer Patients Positive Tumors Contained Antibodies against pl85 and 

pl05 

The sera of 20 patients with breast cancer were analyzed. gera from breast cancer patients whose HER-2/neu tumor 
The 20 patients were participants from the Fred Hutchinson status is known was collected and analyzed to determine the 
Cancer Research Center. Division of Epidemiology WISH 65 extent to which antibody to HER-2/neu correlates with the 
study. The patient population consisted of women recently presence of HER-2/neu-positive tumors. Three patients with 
diagnosed with breast cancer, generally less than 3 months overexpression of p\%$ HER ' 2 "> eu protein in their primary 
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tumor were analyzed. Antibodies against pl85 were detected 
in ail three. The antibody detected in our studies was IgG. 
Immunoglobulin class switch from igM to IgG or IgA 
require T cell help often directed against different epitopes 
on the same protein molecule. ■ 

Example 4 

Peptide Based Vaccines Elicit Immunity to HER-2/ 



A. Materials and Methods 
X. Animals 

Rats used in this study were Fischer strain 344 (CDF 
(F-344)/CrlBR) (Charles River Laboratories, Portage 
Mich.). Animals were maintained at the University of Wash- 15 
ington Animal facilities under specific pathogen free condi- 
tions and routinely used for experimental studies between 3 
and 4 months of age. 

2. Antigens 

Nine peptides were constructed, derived from the amino 20 
acid sequence of the rat neu protein. The peptides, 15-18 
amino acids in length, were highly homologous to the 
human HER-2/neu peptide sequence. These peptides were 
chosen based on an increased probability of interaction with 
human Class n MHC molecules. This theoretical potential 25 
was evaluated by the use of a protein sequence analysis 
package, TSites. that incorporates several computer algo- 
rithms designed to distinguish potential sites for T cell 
recognition (Feller and de la Cruz. Nature 349:720-721, 
1991). Several peptides identified from the rat sequence 30 
were predicted to have potential for class II interaction with 
both human and murine MHC. Nine peptides were chosen 
for immunization of the rats (Table 5). Eight of the nine were 
in areas of 100% homology with human neu. The remaining 
peptide had greater than 80% homology with human neu 35 
(Yamamoto et al.. Nature 3 19:230-234, 1986). The peptides 
were synthesized and purified by H. Zabrowski (University 
of Washington. Seattle, Wash.), then dissolved in phosphate- 
buffered saline (PBS). pH 7.4, to give 2 mg/ral stock 
solutions. Prior to aliquoting. peptides were sterile filtered, 
then stored at -70° C. 40 



p45-59 HLDMLRHLYQGCQW ECD 100% 

(Seq. ID No. 30) 
P98-112 PLQRLRIVRGTQLFE ECD 100% 

(Seq. ID No. 31) 
p323-337 NQEVTAEDGTQRCEK ECD 100% 

(Seq. ID No. 56) 
p332-349 TQRCEKCSKPCARVCYGL ECD 100% 

(Seq. ID No. 60) 
p433^)47 RHRGRILHDGAYSL ECD 80% 

(Seq. ID No. 67) 
p781-795 GVGSPYVSRLLGICL ICD 100% 

(Seq. ID No. 44) 
p788-802 SRLLGKLTSTVQLV ICD 100% 

(Seq. ID No. 45) 
p932-946 PAREIPDLLEKGERL ICD 100% 

o.49) 
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3. Immunization 

One group of rats was immunized with a mixture of 
extracellular domain (ECD) peptides and one group with a 
mixture of intracellular domain (ICD) peptides. The final 
group received adjuvant alone. Peptides were administered 
at a final concentration of 100 ug each in a total volume of 
200 ul . The animals underwent 3 immunizations each 14-16 
days apart with either CFA or IFA as adjuvant (Sigma 
Immunochemicals. St. Louis. Mo.). 16 days after the third 
immunization sera was obtained for assessment of immune 
response. 

4. Cell Lines 

Two cell lines were used as a source of neu proteins. 
SKBR3, a human breast cancer cell line that is a marked 
overexpressor of HER-2/neu (American Type Culture 
Collection. Rockville. Md.). was maintained in culture in 
10% fetal bovine serum (FBS) (Gemini Bioproducts. Inc., 
Calabasas. Calif.) and RPMI. DHFR-G8. an NTH/3T3 cell 
line cotransfected with cneu-p and pSV2-DHFR (American 
Type Culture Collection, Rockville. Md.). was used as a 
source of non-transforming rat neu protein (Bernards et al.. 
Proc. Natl. Acad. Sci. USA 84:6854-6858. 1987). This cell 
line was maintained in 10% FBS and Dulbecco's modified 
Eagle's medium with 4.5 g/L glucose. DHFR-G8 cells were 
passaged through the same medium supplemented with 0.3 
uM methotrexate at every third passage to maintain the neu 



5. Preparation of Cell Ly sates 

Lysates of both SKBR3 and DHFR-G8 were prepared and 
used as a source of protein for both ELBA and immuno- 
precipitation studies. Briefly, a lysis buffer consisting of tris 
base, sodium chloride and Triton-X (1%) pH 7.5 was 
prepared. Protease inhibitors were added; aprotinin (1 
Mg/ml). benzamidine (1 mM) and PMSF (1 mM). 1 ml of 
the lysis buffer was used to suspend 10 7 cells. The cells were 
vortexed for 15 seconds every 10 minutes for an hour until 
disrupted. All procedures were performed on ice in a 4° C. 
cold room. After disruption the cells were microfuged at 4° 
C. for 20 minutes. Supernatant was removed from cell debris 
and stored in small aliquots at -70° C. until used. Presence 
of human and rat neu in the lysates was documented by 
Western blot analysis. 

6. ELISA for Rat Antibody Responses 

96 well Immulon 4 plates (Baxter SP. Redmond. Wash.: 
Dynatech Laboratories) were incubated overnight at 4° C. 
with an IgG2a murine monoclonal antibody directed against 
rat neu (kindly provided by Dr. M. Green) at a concentration 
of 10 ug antibody per ml. After incubation, all wells were 
blocked with PBS and 1% bovine serum albumin (BSA) 
(Sigma Chemical Co.. St. Louis. Mo.). 100 ul/well for 4 
hours at room temperature. The plate was washed with 
PBS/0.5% Tween and protein was added. Rows of wells 
were coated with alternating PBS/1% BSA and DHFR-G8 
lysate (10 8 cells/20 ml PBS). 50 ul/well. overnight at 4° C. 
After washing, the plate was incubated with rat sera at the 
following dilutions: 1:25, 1:50. 1:100, 1:200. The sera was 
diluted in PBS/1% BSA/1% FBS/25 ug/ml mouse igG/ 
0.01% NaN 3 and then serially into PBS/1% BSA. 50 ul of 
diluted sera was added/well and incubated 1 hour at room 
temperature. Sheep anti-rat Ig horseradish peroxidase (HRP) 
was added to the wells at a 1:7.500 dilution in PBS/1% BSA 
and incubated for 45 minutes at room temperature 
(Amersham Co.. Arlington Heights. HI.), isotype assays 
were performed similarly with rabbit anti-rat IgG and sheep 
anti-rat IgM HRP antibodies as the second step antibody at 
a concentration of 1:5000 (Serotec Ltd.. Oxford. England). 
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Control wells consisting of varying dilutions of c-neu-Ab-1. mide gels were electrophoresed in the Pharmacia Phast 

a rabbit polyclonal antibody directed against the kinase System (Pharmacia LKB Biotechnology AB. Uppsala, 

portion of human neu which also has reactivity to rat neu Sweden). After transfer to nitroceUulose (Hybond-C, Amer- 

(Oncogene Science. Uniondale. N.Y.). were used as a posi- sham Co.) the neu proteins were identified by immunoblot 

tive control. Tnese wells received a second step antibody of 5 in a similar manner. All control blots were developed by 

laboratories, Gaithersburg, Md. developing reagent _was rris-buffered saline/1% BSA/0.1% 

mU^^TB^^T^^o^ ii^^m n . det A al rabWt antimouse HRP- 

nm until the positive control wetis reached 03 OD. lite 10 ^ J (Amersham Co .) was used in a 

reaction was stepped mm IN HC1 and the optical density ^ ^tto The blot was then developed using a 

was read at 450 nm. The OD of each serum dilution was chemiluminescent reaction (Amersham EC U Identically 

calculated as the OD of the neu coated wells minus the OD - Yn _j m »„ tfl i N nh were analvzed with rat sera as 

of thePBS/l%BSAcoatedwell,Apoolof 5 normal rat sera 5? inTlS 

was run on each plate as a negative control. is ^ |ris _ bllffcred saline/ l% BSA/0.1% Nonidet P-40 in an 

7. Immunoprecipitation overnight incubation with the blot a 4° C. Secondary 
Experimental rat sera was used to inununoprecipitate antibody, goat-anti rat HRP conjugate (Amersham Co.) was 

human neu from the SKBR3 cell line and rat neu from the use( i a t a 1:5000 dilution. The blots were developed with 

DHFR-G8 cell line. A commercially prepared IgGl mouse ECL detection reagents and exposed to Hyperfdm — RCL 

monoclonal antibody, c-neu-Ab-3, which cross reacts with (Amersham Co.). The film was developed and examined for 

both human and rat neu, was used as the positive control reaction to human and rat neu as well as the ICD and ECD 

antibody in the immunoprecipitation (Oncogene Science). domains of the protein. Sera from 5 pooled normal rats and 

Sera from 5 pooled normal rats and 2 rats immunized with 2 rats immunized with adjuvant alone and no peptide 

adjuvant alone and no peptide antigens were used as 2 antigens were used as 2 negative controls, 

negative controls. 1 ml of DHFR-G8 or SKBR3 lysate was jq t cell Proliferation Assays 

incubated with 75 ul of rat sera or 10 ul (lug) of neu specific For ^vsis of neu peptide specific responses: Fresh 

monoclonal antibody and 15 ul of protein A+G (Oncogene spleen Qr lymph no(Je were harvested by mechanical 

Science). The solution was rocked gently overnight at 4° C. disruption and passage through wire mesh and washed. 

After this incubation, the agarose was pelleted and washed ^ 2xlQ s splcen ceUs/we u and lxlO 5 lymph node cells/well 

twice in a tris HC1/EDTA buffer (1M Tris HC1 pH 7.5, were p [ ate( j ^to 96-well round bottom microtiter plates 

0.25M EDTA. and 5M Nad ), then twice in the same buffer Corning. Corning. N.Y.) with 6 replicates per experimental 

with NP-40 added to a 0.5% concentration. The immuno- ^ media uscd consiste(1 of EHAA 120 (Biofluids) 

precipitates were analyzed by Western blot as described with L -glutamine, penicillin/streptomycin, 

above using c-neu-Ab-1 (Oncogene Science) as the primary ^ 2-mercaptoethanol. and 5% FBS. Cells were incubated with 

antibody. This antibody is a neu specific polyclonal rabbit 2 5 ug /ml of the various peptides. The group incubated with 

antibody which cross reacts with both human and rat neu. me pq,^ mix received 25 ug of each of the peptides. After 

8. ELISA for Peptide Epitope Analysis 4 days, wells were pulsed with 1 uCi of | 3 H]thymidine for 
96 well Immulon 4 plates (Dynatech Laboratories) were 6-8 hours and counted. Data is expressed as a stimulation 

incubated overnight at 4° C. with peptides at a concentration m index (SI) which is defined as the mean of the experimental 

of 10 ug/well diluted in PBS alternating with rows of wells divided by the mean of the control wells (no antigen). 

PBS/1% BSA. After incubation, all wells were blocked with For analysis of neu protein specific responses: Spleen or 

PBS/1% BSA. 100 ul/well for 4 hours at room temperature. lymph node cells were cultured for 3 in vitro stimulations. 

The plate was washed with PBS/0.5% Tween. After At the time of analysis lxlO 5 cultured spleen or lymph node 
washing, the plate was incubated with rat sera at the fol- 45 T cells were plated into 96 well microtiter plates as 

lowing dilutions: 1:50 and 1:100. The sera was diluted in described above. Cells were incubated with 1 ug/ml immu- 

PBS/1% BSA/1% FBS/25 ug/ml mouse IgG/0.01% NaN 3 noaffinity column purified rat neu (from DHFR-G8 cells as 

and then serially into PBS/1% BSA. 50 ul of diluted sera was the source of rat neu). After 4 days, wells were pulsed with 

added/well and incubated 1 hour at room temperature. Sheep 1 uCi of [ 3 H]thymidiiie for 6-8 hours and counted. Data is 
anti-rat HRP was added to the wells at a 1:7.500 dilution in 5,3 expressed as a stimulation index which is defined as the 

PBS/1% BSA and incubated for 45 minutes at room tem- mean of the experimental wells divided by the mean of the 

perature. Following the final wash, the TMB developing control wells (no antigen), 

reagent was added. Color reaction was read at an optical n. Rat T Cell Culture 

density of 640 nm until the reading on the most reactive well Spleen and lymph nodes from immunized rats were 
reached 0.30D. The reaction was stopped with IN HC1 and 55 harvested into single cell suspensions. PBMC were isolated 

the optical density was read at 450 nm. The OD of each by Ficoll/Hypaque density gradient centrifugation 

serum dilution was calculated as the OD of the peptide (Histopaque-1083. Sigma Diagnostics, St. Louis, Mo.), 

coated wells minus the OD of the PBS/1% BSA coated Cells were washed and resuspended in bulk culture of 3xl0 7 

wells. A pool of 5 normal rat sera was run with each peptide cells in 6 well plates. The media used consisted of EHAA 
at the same dilutions as the experimental sera as a negative ^ ^0 (Biofluids) with L-glutamine, penicillin/streptomycin, 

control. 2-mercaptoethanol, and 10% FBS. A mix of the immunizing 

9. Western Blot Analysis for Rat Antibody Responses peptides were added directly to culture at a concentration of 
Immunoprecipitates of SKBR3 and DHFR-G8 were used 10 ug/ml of each peptide. The cultures were restimulated on 

as a source of human and rat neu proteins in the Western the peptide mix every 14 days with syngeneic spleen that 
assays. Recombinant human ECD and ICD (kindly provided 65 had been preincubated with the peptide mix for 2 hours, 

by Drs. B. Groner and N. Lydon) were used to evaluate irradiated to 1000 rads. and then washed. Stimulator to 

antibody responses to the neu domains. 7.5% polyacryla- effector ratio was 1:1 in each culture. After the second week 
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in culture, media was supplemented with 50% Con A The magnitude and extent of "determinant spreading" 

conditioned media. At the end of 3 in vitro stimulations, cells appeared to be less in the animals immunized with the ECD 

were >98% CD3+. peptides than those immunized with the ICD peptides. 

B. Rats Immunized with Peptides Derived from the ICD However, only a limited number of potential epitopes were 
Portion of Rat Neu Protein Develop Antibody Responses to s examined. 

Neu Protein F. Antibodies Elicited by Immunization to Either ICD or 

Rats were immunized with mixtures of either 4 ICD ECD Peptides are Specific for and can Immunoprecipitate 

peptides or 5 ECD peptides. Following the third both Rat Neu Protein and Human HER-2/neu Protein 

immunization, serum and T cells from immunized rats were The above experiments showed that immunization to neu 

assessed for immunity to neu peptides and protein. Initial 10 peptides could elicit antibody responses to whole rat protein 

experiments assessed rats immunized with ICD peptides for and peptides, as determined by ELISA. Verification of the 

antibody responses to whole neu protein. Serum antibody antibody responses to protein observed by ELISA was 

responses were analyzed by ELISA (FIG. 8). The results performed by assessing the ability of immune sera to immu- 

demonstrate that immunization to ICD peptides elicited noprecipitate rat neu protein from lysates of DHFRG-8. an 

antibody to whole neu protein. Sera was analyzed at 1:25. 15 NIH-3T3 cell line transfected with non-transforming rat neu. 

1:50. 1:100. and 1:200 dilution. Results at the 1:25 dilution Results showed that sera from rats immunized with either 

are depicted (FIG. 8) . Neu specific antibody responses ECD or ICD peptides could immunoprecipitate rat neu (FIG. 

titered rapidly and at a 1:200 dilution the experimental sera 12. Panel A). 

demonstrated the same level of response as control. Isotype The immunizing rat neu peptides were homologous with 

analysis revealed that the antibody responses were predomi- 20 the human HER-2/neu protein sequence. Thus, the anti- 

nantly IgG (data not shown peptide antibodies elicited should be reactive to both rat and 

C. Rats Immunized with Peptides Derived from the ECD human peptides. To determine whether the antibodies elic- 
Portion of Rat Neu Protein Develop Antibody Responses to ited were also specific for human HER-2/neu protein. 
Neu Protein experiments evaluated the ability of sera from peptide 

Immunizations with ECD peptides were performed in an 25 immunized rats to immunoprecipitate HER-2/neu from 

identical fashion as with ICD peptides. ELISA performed on lysates of SKBR3. a human breast cancer cell line that 

sera from rats immunized with ECD peptides revealed the overexpresses HER-2/neu. Sera from all rats immunized 

generation of antibody responses to whole neu protein (FIG. with ICD or ECD peptides could immunoprecipitate HER- 

9). The responses were equivalent to responses elicited by 2/neu protein while the control sera did not (FIG. 12. Panel 

immunization with ICD peptides. These responses were 30 B). 

predominantly of the IgG subtype (data not shown). G. B cell Epitopes that are Cross Reactive between Human 

D. Epitope Analysis of ICD Antibody Responses Demon- and Rat Neu are Present in both Domains of the Protein 
strates Dominant B Cell Epitopes as Well as "Determinant Antibody elicited by immunization to ICD and ECD 
Spreading" between Domains peptides immunoprecipitated both rat and human neu pro- 
Mixtures of peptides had been used above for immuni- 35 tern. To further evaluate the protein domains recognized, 

zation. To determine which peptides in the mixture were the sera from rats immunized with ICD and ECD peptides was 

predominant B cell epitopes, sera from rats immunized with evaluated by Western analysis for reactivity against human 

ICD peptides was analyzed by ELBA for responses to recombinant ECD and ICD as well as whole human and rat 

individual peptides. Responses to both ICD and ECD pep- neu immunoprecipitated protein. Sera from animals inmmu- 

tides were evaluated with the presumption that responses to 40 nized with either ICD or ECD peptides recognized both 

the ECD peptides would be non-existent. Results (FIG. 10) domains and whole protein from both species (FIG. 13). 

revealed different responses in each rat. All rats had marked Control animals had no evidence of antibodies directed 

antibody responses to the overlapping p781 and p788 ICD against either domain. These results verify not only the 

peptides, although the relative levels of responses varied phenomenon of "determinant spreading" suggested in the 

between animals. Responses to p932 and pi 171 were 45 peptide epitope analysis, but also demonstrate human andrat 

observed, but were relatively weak. Surprisingly, rats immu- cross reactive epitopes in both domains, 

nized to the mixture of ICD peptides displayed significant H. Immunization of Rats with ICD Peptides Elicits Neu 

antibody responses to ECD peptides. Responses in indi- Peptide-Specific T Cell Responses 

vidual rats varied. Rat 2.2 had substantial responses to all The above-detected antibody responses were IgG imply- 

five ECD peptides evaluated. Rats 2. 1 and 2.3 had weaker 50 ing that T cell help was present and operative in immuno- 

responses. Thus, immunization to ICD peptides elicited globulin class switch. Spleen and lymph nodes cells were 

antibody responses to ICD peptides as well as "determinant evaluated for proliferative responses to the immunizing 

spreading" with the generation of antibody responses to the peptides. Proliferative T cell responses to the immunizing 

ECD portion of the molecule. Rats immunized with adjuvant peptides were observed, but the relative responses between 

alone did not develop T cell responses to any tested peptide. 55 individual rats were varied (FIG. 14). A stimulation index of 

E. Epitope Analysis of ECD Antibody Responses Demon- >2 was arbitrarily chosen as the cut off of significance. Rat 
strates Dominant B Cell Epitopes 2. 1 did not have any proliferative response greater than SI of 

Determination of the dominant B cell epitopes in ECD 2 to the niixture of immunizing ICD peptides or to individual 

peptide immunized animals was performed in an identical peptides. Rats 2.2 and 2.3 had SI>2 to the mixture of ICD 

fashion. Again, the relative responses to individual peptides 60 peptides with the dominant response to pll71 in both rats, 

differed between each animal. Rats immunized with ECD L Immunization of Rats with ICD Peptides Elicits Neu 

peptides developed substantial responses to p45, p332, and Protein-Specific T Cell Responses 

p433 and minimal responses to p98 and p323 (FIG. 11). The Peptide specific T cell lines were derived by repeated in 

dominant epitope was p45 in rats 1.1 and 1.3, but was p433 vitro stimulation of spleen cells from peptide immunized 

in rat 1.2. As with immunization to ECD peptides, determi- 65 mice by a mixture of the immunizing peptides. After 40 days 

nant spreading was observed. All rats developed antibody to the cultured cells were greater than 98% CD3+. The cultured 

p788 in the ICD and rats 1.1 and 1.2 responded to pll71. T cells from 2 of the 3 immunized rats demonstrated 
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substantial responses to protein with Sis of 9 and 16 (FIG. 
15). The SI from the third rat was >2. No responses to 
control protein were observed. 

J. Immunization of Rats with ECD Peptides Elicits only 
Weak Peptide-Specific T cell Responses 

A similar analysis was performed with T cells derived 
from animals immunized with the ECD peptides. Unlike the 
responses observed from the animals immunized with the 
mixture of ICD peptides, animals immunized with ECD 
peptides exhibited only weak proliferative responses to the 
mixture of ECD peptides as well as to individual peptides 
(FIG. 16). Only one of three rats displayed SI of 2.0 or 
greater to peptides. 

K. Immunization of Rats with ECD Peptides Elicits Weak, 
but Positive Responses to Neu Protein 
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Both splenic and lymph node T cells derived from ECD 
peptide immunized rats were analyzed for responses to rat 
neu protein (FIG. 17). Splenic T cells exhibited low level 
responses, whereas responses were greater for lymph node 
' derived T cells. Proliferative responses were not the same for 
all animals tested. The maximum SI for spleen derived T cell 
lines was 2.1. whereas the maximum SI for lymph node 
derived T cells was 3. 

° From the foregoing, it will be evident that although 
specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the spirit and scope of 
the invention. 



SEQUENCE LISTING 



) INFORMATION FOR SEQ ID NO: 1 : 



) SEQUENCE DESCRIPTION: SEQ ID HO-.i: 



) SEQUENCE CHARACTERISTICS: 



) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



) INFORMATION FOR SEQ ID NO-J: 
, ) LENGTH: 



) SEQUENCE DESCRIPTION: SEQ ID N03; 



) INFORMATION FOR SEQ ID NO:4: 



( D ) TOPOLOGY: En 



( I i ) SEQUENCE DESCRIPTION: SEQ ID NO*: 
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-continued 



) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 



) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 

( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NC 



) SEQUENCE DESCRIPTION: SEQ ID NC 



( A ) LENGTH: 9 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

i ) SEQUENCE DESCRIPTION: SEQ ID NO:9: 



) SEQUENCE DESCRIPTION: SEQ ID N< 



( 2 ) INFORMATION FOR SEQ ID NO:l 1 : 



5,726,023 

35 36 

- continued 

( i ) SEQUENCE CHARACTERISTICS: 




( D ) TOPOLOGY: linear 
(XI) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

1 y 5 

( 2 ) INFORMATION FOR SEQ ID NO:12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acids 

( D ) TOPOLOGY: lineal 

( X i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 



) INFORMATION FOR SEQ ID NO:13: 

< i ) SEQUENCE CHARACTERISTICS: 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

L y s lie P.. V. 1 Ala lie 
1 5 

: ) INFORMATION FOR SEQ ID NO:14: 

( i ) SEQUENCE CHARACTERISTICS: 

( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 



( 2 ) INFORMATION K 



( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

Oil Leu Met Pro Tyr Gly Cy s 
1 5 

. ) INFORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 

( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l«: 



: ) INFORMATION FOR SEQ ID NO:17: 
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( 2 ) INFORMATION FOR SEQ ID NO:18: 

( i ) SEQUENCE CHARACTERISTICS: 




( D ) TOPOLOGY: linear 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:18: 



( 2 ) INFORMATION FOR SEQ ID NO:19: 

( i ) SEQUENCE CHARACTERISTICS; 

< A ) LENGTH: 9 amino acids 

( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Asp lie Asp Glu Thr Olu Tyr His Ala 



1 INFORMATION FOR SEQ ID NO20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 



( i ) SEQUENCE CHARACTERISTICS: 




( % i ) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
Thr lie Asp V a. 1 Tyr Met Leu Met Val 



( i ) SEQUENCE CHARACTERISTICS: 
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-continued 



) INFORMATION FOR SEQ ID NO:M: 

( i ) SEQUENCE CHARACTERISTICS: 



) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

y Leu Gill Pro Ser Olu Olu 



) INFORMATION FOR SEQ ID NO:2! : 



( D ) TOPOLOOY: linear 
) SEQUENCE DESCRIPTION: SEQ ID NO:25: 



( 2 ) INFORMATION FOR SEQ ID NO:26: 



) SEQUENCE DESCRIPTION: SEQ ID NO:26: 



( i ) SEQUENCE CHARACTERISTICS: 

( B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

( It i ) SEQUENCE DESCRIPTION: SEQ E> NO:27: 



( i ) SEQUENCE CHARACTERISTICS: 




( D ) TOPOLOGY: linear 
( I i ) SEQUENCE DESCRIPTION: SEQ ID NO:28: 



( 2 ) INFORMATION FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
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) SEQUENCE DESCRIPTION: SEQ ID NO:29: 



( 2 ) INFORMATION FOR SEQ ID 



) SEQUENCE DESCRIPTION: SEQ ID NC 



( i ) SEQUENCE CHARACTERISTICS; 

( B ) TYPE: amino Acid 
( D ) TOPOLOGY: linear 

( I i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

Pro Leu Oln Aig Leu Arg tie V.l Arg Gly Thr Oln Leu Phe Olu 
1 5 10 15 



( D ) TOPOLOGY: linear 
) SEQUENCE DESCRIPTION: SEQ ID NO£32: 
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-continued 

( x i > SEQUENCE DESCRIPTION: SEQ ID NO:35: 

1 5 10 

) INFORMATION FOR SEQ ID NO:36: 

ICE CHARACTER 
l ) LENGTH: 15 at 

( D ) TOPOLOGY: linear 

(li) SEQUENCE DESCRIPTION: SEQ ID NO'36: 

Asn lie Gin Gin Pbl Ala Oil Cys Lys Lys Me Phe Gly 

) INFORMATION FOR SEQ ID N037: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 armno acids 

( D ) TOPOLOGY: linear 

DESCRIPTION: SEQ ID NO-37: 



) INFORMATION FOR SEQ ID NO:38: 



( D ) TOPOLOGY: linear 
i ) SEQUENCE DESCRIPTION: SEQ ID NO-38: 

In Glu Cy. Val Glu Glu Cys Arg Val Lev Gin Gly Leu Pr 



) INFORMATION FOR SEQ ID N039: 

< i ) SEQUENCE CHARACTERISTICS: 



( i i ) SEQUENCE DESCRIPTION: SEQ ID N039: 
Val Val Val Leo Gly Vai Val Pie Oil lie Leu lie Lys Alg 



) INFORMATION FOR SEQ ID NO:40: 

( i ) SEQUENCE CHARACTERISTICS: 



) SEQUENCE DESCRIPTION: SEQ ID 



( 2 ) INFORMATION FOR SEQ ID NO:41: 

( i ) SEQUENCE CHARACTERISTICS: 



( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:4l : 
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) INFORMATION FOR SEQ ID NO:48: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 amino acids 
( B ) TYPE: amino acid 
( D ) TOPOLOGY: linear 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO:48: 




) INFORMATION FOR SEQ ID NO:50: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 amino acids 
( B (TYPE: amino acid 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID Nt 



) INFORMATION FOR SEQ ID SOJU 



( 2 ) INFORMATION FOR SEQ ID NO:52: 



( 2 ) INFORMATION FOR SEQ ID NO:53: 

( i ) SEQUENCE CHARACTERISTICS: 




(D ) TOPOLOGY: linear 
(ni) SEQUENCE DESCRIPTION: SEQ ID NO:53: 
Thr Cys Ser Pro Gin Pro Oil Tyr Vil Asa Gin Pro Asp Val Ai| 



49 



5,726,023 

-continued 



50 




51 



5,726,023 

-continued 



52 



) INFORMATION FOR SEQ ID NO:60: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino acids 
< B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:60: 

Tht Oil Ai| Cys Glu Lys Cys Set Lys Pro Cys Ala Arg Val 



; ) INFORMATION FOR SEQ ID NOrfl: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino acids 



i ) SEQUENCE DESCRIPTION: SEQ ID NOrfl: 



) INFORMATION FOR SEQ ID NO*2: 

< i ) SEQUENCE CHARACTERISTICS: 



) SEQUENCE DESCRIPTION: SEQ ID NO*2: 
s lie Pne Oly Ser Leu 



( 2 ) INFORMATION FOR SE 



( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 16 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: 
( D ) TOPOLOGY: linear 

I i ) SEQUENCE DESCRIPTION: SEQ ID NO:63: 

Aig Arg Leu Leu Gin Glu Thr Oil Leu Val GIu Pro Leu Thr Pr 



) INFORMATION FOR SEQ ID NOA1: 

( i ) SEQUENCE CHARACTERISTICS: 



( D ) TOPOLOGY: linear 
) SEQUENCE DESCRIPTION: SEQ ID NOS54: 



2 ) INFORMATION FOR SEQ ID NO:65: 

( i ) SEQUENCE CHARACTERISTICS: 



5,726,023 






59 



5J26 ? 023 

-continued 



60 




We claim: 6 - ^ e method of claim 1 wherein a reporter group is 

1. A method of screening for the presence of a malignancy w bound to a molecule capable of binding to the 
in a warm-blooded animal, wherein a HER-2/neu oncogene immunocomplexes. and wherein the step of detecting corn- 
is associated with the malignancy, comprising the steps of: prises (a) adding the molecule, (b) removing substantially 

(a) contacting a body fluid, suspected of containing anti- any unbound molecule, and (c) detecting the presence or 
bodies specific for HER-2/neu protein, with HER-2/neu absence of the reporter group. 

protein; 45 7. The method of claim 6 wherein the molecule capable of 

(b) incubating the body fluid under conditions and for a binding to the immunocomplexes is protein A. 

time sufHcient to allow immunocomplexes to form; and 8. The method of claim 6 wherein the reporter group is 

(c) detecting the presence or absence of immunocom- selected from the group consisting of radioisotopes, 
plexes formed between the HER-2/neu protein and fluorophores. enzymes, luminascars. and dye particles, 
antibodies in the body fluid specific for the HER-2/neu x 9. The method of claim 1 wherein a reporter group is 
protein, thereby determining the presence or absence of bound to the HER-2/neu protein, and wherein the step of 
the malignancy. detecting comprises removing substantially any unbound 

2. The method of claim 1 wherein a HER-2/neu oncogene HER-2/neu protein and thereafter detecting the presence or 
is associated with a malignancy selected from the group absence of the reporter group. 

consisting of breast, ovarian, colon, lung and prostate can- ^ w jh e mem od of claim 9 wherein the reporter group is 

cer. selected from the group consisting of radioisotopes. 

3. The method of claim 1 wherein a reporter group is fluorophores , enzymes, luminascars. and dye particles, 
bound to a second antibody capable of binding to the u A for Meeting changes m the level of 
antibodies, and wherein the step of detecting comprises (a) ffic for HER-2/neu protein in a human, 
removing substantially any unbound antibody, (b) adding g> 

the second antibody, (c) removing substantially any 60 comprising the steps at 

unbound second antibody, and (d) detecting the presence or (a) contacting a first body fluid sample with HER-2/neu 

absence of the reporter group. protein; 

4 The method of claim 3 wherein the second antibody is (b) incubating the sample under conditions and for a time 

an anti-human antibody. sufHcient to allow immunocomplexes to form; 

5. The method of claim 3 wherein the reporter group is 65 (c) detecting immunocomplexes formed between the 

selected from the group consisting of radioisotopes. HER-2/neu protein and antibodies in the sample that 

fluorophores. enzymes, luminescers. and dye particles. are specific for the HER-2/neu protein; 
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(d) repeating steps (a), (b) and (c) on a second body fluid 16. The method of claim 11 wherein a reporter group is 
sample taken from the same individual at a time bound to a molecule capable of binding to the 
subsequent to the first sample; and immunocomplexes, and wherein the step of detecting com- 

(e) comparing the number of immunocomplexes detected prises (a) adding the molecule, (b) removing substantially 
in the first and second body fluid samples, thereby * any unbound mo i ecu i e , an d (c) detecting the presence or 
determining whether a change in the level of antibody abs ence of the reporter group. 

specific for HHt-2/neu protein has occurred. 17. The method of claim 16 wherein the molecule capable 

12. The method of claim 11 wherein a HER-2/neu protein ......... , . ... 

is associated with a malignancy selected from the group of bmdu, g t0 the — nocomplexes 1S protein A. 

consisting of breast, ovarian, colon, lung and prostate can- 10 18 - The method of claim 16 wherein the reporter group is 

cer. selected from the group consisting of radioisotopes, 

13. The method of claim 11 wherein a reporter group is fluorophores. enzymes, luminescers, and dye particles, 
bound to a second antibody capable of binding to Hie 19. The method of claim 11 wherein a reporter group is 
antibodies, and wherein the step of detecting comprises (a) ^und t0 the HER-2/neu protein, and wherein the step of 
removing substantially any unbound antibody, (b) adding " detectin comprises re moving substantially any unbound 

absence of the reporter group. absellce of me re P orter 

14. The method of claim 13 wherein the second antibody 20. The method of claim 19 wherein the reporter group is 
is an anti-human antibody. 20 selected from the group consisting of radioisotopes, 

15. The method of claim 13 wherein the reporter group is fluorophores. enzymes, luminescers, and dye particles, 
selected from the group consisting of radioisotopes. 

fluorophores, enzymes, luminescers, and dye particles. ***** 
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[57] ABSTRACT 

The present invention discloses the correct processing of 
B?-10. a myelosuppressive protein produced by certain cells 
such as keratinocytes. monocytes and human endothelial 
cells upon stimulation by ^-interferon. Also disclosed is a 
method of treating human cancer patients by applying D?-10 
in a pharmaceutical composition in conjunction with certain 
antineoplastic agents. 
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METHODS AND COMPOSITIONS 
INCORPORATING IP-10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the field of the 
myelosuppressive action of a family of proteins that are 
secreted by certain types of cells in response to y-interferon 
(y-IFN). and more particularly to the myelosuppressive 
action of that protein known as IP-10, which is secreted by 
human keratinocytes, monocytes and endothelial cells. 

2. Description of the Related Art 

The cellular immune response is characterized by the 
complex interaction of many different cells responding to 
multiple extracellular signals. Activation, proliferation, and 
directed migration of both local and blood-borne cells is 
partly regulated by soluble mediators released by cells, 
referred to collectively as cytokines. One family of these 
proteins includes the interferons, a group of proteins first 
identified by their ability to induce cellular resistance to 
infection by many viruses. y-IFN, a glycoprotein secreted 
from activated T cells, has potent immunomodulatory activi- 
ties and is an important activator of the cellular immune 
response. In addition to the antiviral properties it shares with 
the a- and fi- interferons, y-IFN also activates macrophages 
and stimulates B cells. 

IP-10 is a protein secreted by keratinocytes, monocytes 
and human endothelial cells after stimulation by recombi- 
nant y-IFN. The gene encoding IP-10 has previously been 
cloned (Luster et al., 1985, Luster et al.. 1987). DNA 
sequence analysis has demonstrated that IP-10 belongs to 
the intercrine cytokine or chemokine family of proteins 
(Wolpe et al.. 1989; Oppenheim et al., 1991). so named for 
their chemotactic activity towards neutrophils, monocytes, T 
cells, basophils and fibroblasts. Some chemokines inhibit 
early subsets of bone marrow progenitors (Graham et al.. 
1990; Broxmeyer et al.. 1990; Broxmeyer et al., 1991; 
Dunlop et al.. 1992; Lord et al.. 1992; Maze et al.. 1992; 
Broxmeyer et al., 1993). This family is divided into two 
subgroups based on the arrangement of the first two of four 
conserved cysteines: the a-subfamily with the C— X— C 
motif, which is located on human chromosome 4 (ql2-21) 
and includes GRO-oc. fi-thromboglobulin. MIP-2a, MTP-2P, 
IL-8, NAP-2, and IP-10; and the fi-subfamily with the C— C 
motif, which is located on human chromosome 17 (qll-32) 
and includes MDMa. MDMp\ MCAF. and RANTES 
(Wolpe et al., 1989; Oppenheim et al.. 1991). 

Even though recombinant IP-10 has been expressed and 
the purified recombinant protein has been available, no 
practical usefulness for IP-10 has been reported. On the 
contrary, previous attempts to demonstrate a biological 
function for IP-10 have been unsuccessful (Dewald et al.. 
1992). Furthermore, the final processed form of DM0 has 
not been known, rendering uncertain the preparation of 
appropriate recombinant vectors and recombinant protein 
for further study of the biological function of this protein. 
Therefore, since so little is known about the biological 
function of DM0. there is a continuing need in the art to 
characterize, understand and ultimately exploit the activity 
of this protein. 

SUMMARY OF THE INVENTION 

The present invention involves, in a general and overall 
sense, the discovery by the inventors that DM0 directly 
inhibits the growth of early bone marrow or hematopoietic 



progenitors and thus can be employed in a variety of 
embodiments, including clinical compositions and methods. 
Most importantly, in that the present inventors herein dem- 
onstrate that DM0 can inhibit proliferation of early human 

5 bone marrow myeloid progenitors, it is envisioned that 
TP- 10 can be employed to protect such cells from the adverse 
effects of agents that selectively exert a cytotoxic effect upon 
normal, dividing bone marrow progenitors. 
While many cancer ceU types are characterized by uncon- 

0 trolled growth characteristics, there have been few other 
cancer-specific biological or cellular targets for the devel- 
opment of directed chemotherapy. Accordingly, most tradi- 
tional cancer therapies are very nonspecific in that they 
employ antineoplastic agents that mdiscriminantly kill rap- 
idly growing cells and cell types, whether cancerous or not. 

15 The most susceptible normal tissues to the ravaging effects 
of chemotherapy are thus rapidly growing cell types such as 
bone marrow progenitor cells and ceDs of the gastrointesti- 
nal tract. The present invention thus embodies distinct 
advantages as, through the administration of pharmaceutical 

20 compositions of DM0, it is proposed mat one can induce a 
non-dividing state in hematopoietic progenitor cells, pro- 
tecting them from the anticellular effects of cell cycle 
specific agents, such as hydroxyurea, cytosine arabinoside. 
methotrexate and vincristime. 

25 The inventors also contemplate that IP-10 may have 
utility as a direct inhibitor of tumor cell growth. While the 
effect of IP-10 upon leukemic cells is presently unknown, it 
may exert a direct inhibitory effect upon sarcomas such as 
Kaposi's sarcoma, by virtue of its similarity to Platelet 

30 Factor 4, which is active against Kaposi's sarcoma in AIDS 
patients (Kahn et al.. 1993). In connection with the treatment 
of Kaposi's sarcoma, it is contemplated that DM0 may be 
particularly useful because as presently employed, it does 
not promote HTV replication. Similarly, with respect to the 

35 treatment of leukemia patients, IP-10 may ultimately dem- 
onstrate strong inhibitory effects against leukemic stem cells 
that are known to depend on steel factor. It is proposed that 
in these patients DM0 can be employed directly as an 
anu-leukemic agent In patients wherein BM0 does not 

40 inhibit leukemic cells, it can be employed in the treatment of 
leukemia as an adjunct to traditional chemotherapy as dis- 
cussed above, because it will protect normal bone marrow 
stem cells, but not leukemic cells. 

Accordingly, it can be appreciated that the present inven- 

45 tion involves, in certain more general embodiments, meth- 
ods for inhibiting the growth of early hematopoietic pro- 
genitor cells. Such methods include contacting a population 
of cells that include hematopoietic progenitor cells with an 
effective amount of DM0. Effective amounts of DM0 will 

50 be those quantities of DM0 which are effective to inhibit 
early hematopoietic progenitor ceU growth, as exemplified 
herein. While it is generally believed that DM0 will prove 
useful in inhibiting all such early progenitor cells, the cells 
typically observed to be inhibited by recombinant DM0 

55 ("rDMO") include early subsets of granulocyte-macrophage 
progenitor cells (CFU-GM). multipotential (CFU-GEMM) 
and erythroid (BFU-E) progenitors that depend on rSLF in 
addition to rGM-CSF or rEPO respectively. 

Surprisingly, inactive concentrations of rDMO combined 

60 with inactive concentrations of rMDMct, rMDMa, PF4, 
rD.-8, or rMCAF have been found to result in synergistic 
inhibition of early progenitors. Therefore, further aspects of 
the present invention include compositions comprising 
BM0, such as rDMO, which may or may not have activity 

65 individually, in combination with any one or more of rMTP- 
la. rMD>-2a, PF4, rD^-8. or rMCAF, at concentrations 
which may or may not have activity individually. 
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In preferred aspects, the invention concerns the genera- invention comprises an improved method for chemotherapy 

tion and use of recombinant IP- 10 which is produced of a cancer patient employing an antineoplastic agent having 

through the application and use of recombinant DNA seg- bone marrow toxicity, wherein the improvement comprises 

ments comprising the IP- 10 gene (see Luster et al.. 1985 and treating said patient with an early hematopoietic progenitor 

Luster et al., 1987). It is proposed that any method for 5 ce n inhibitory amount of IP-10. 

recombinant production will be suitable for use in connec- pharmaceutical compositions in accordance with the 

tion wtth the present invention. However, an aspect of the include jp.^ ^ 

invention is the inventors' discovery of the correct struchire ^ J combination with another 

of the active. naturaUy secreted form of IP-10, which is J^J uch as a c ^ e . or rlp . 10 m combina . 

mitiaUy produced with a 21 amino acid leader sequence dial 1Q ^ anti-neoplastic agent. Anti-neoplastic agents 

^, Cl ™ 0 ,ni Unng secretlon - le f m ? include, but are not limited to alkylating agents; 

f(22-98) (IP-10 fragment composed of amino acids 22-98) antimetabolites> such as purine and pyrimidine ^ md 

as the active, secreted form of the protein. vinca namral including anti biotics and 

Thus, rf one envisions employing a bacterial recombinant ndse6aaaooas ts used in me tteatmcnt of various neo . 

expression system such as £. ^i wdl be appropriate to 15 g les rf such unds 

prepare a vector coustru^ct that wd directly encode and include doxorubicjn daunomyci „. methotrexate, 

thereby produce f(22-98) IP-10 This is because bacterial vinblastine> hydroxyurea and cytosine arabinoside. 

expression systems will be unable to remove that leader . ... iL ^. ^ 

sequence from the finished protein. However, where a ™ e ""Proved method or inhibiting the growth of 

eukaryotic recombinant ceU expression system such as an 20 hematopoietic progenitor cells in a patient may compose the 

insect cell or a mammal or even a human cell is employed. ste P s ° f Prying a recombinant host cell comprising a 

one will not be required to prepare a truncated IP-10 recombinant gene segment encoding IP-10. cultunng said 

expression segment in that the host system itself will remove cel1 under conditions effective to allow expression of said 

... . gene to produce IP- 10; collecting and purifying the recom- 



the leader sequence of 2 1 amino acids (assuming that the - - , . , ,-, . 

cDNA encoding the full length, secreted form of IP-10 is 25 binant IP-10 so produced; rendering said recombinant IP-10 

emploved) pharmacologically acceptable; and administering said phar- 

CerL aspects of the present invention therefore concern ^T^' ™? ^T^uT 
methods for inhibiting the growth of hematopoietic progeni- effective to inhibit hematopoietic progenitor cells. 
torceUswhichmcl U depreparingrecombinantIP-10(rIP-10) P^ferred embodiments, therIP-10 is produced from a 
and contacting a composition containing such cells with an TO baculovirus expression vector in an insect host cell. The 
effective amount of rIP-10. rIP- 10 may be prepared by any D>-10 may be produced from a recombinant gene segment 
suitable process, such as. e.g.. by preparing a recombinant wluch encodes f(22-98) or .t may encode the entire 98 
host cell which includes a recombinant gene segment encod- amino acid sequence of IP-10. or it may be naturally 
ing IP-10. culturing the ceU under conditions effective to occurring IP-10. derived from stimulated keratinocytes. 
allow the expression of the gene so that the recombinant 35 monocytes or endothelial cells, for example. The IP-10 may 
protein is produced and collecting and purifying the IP-10 so be P"^ ™ d rendered pharmacologically acceptable and 
produced sterile as described herein, and as known to those of skill in 
It is understood that the recombinant IP-10 may be ue art. and administered to a human canc^patient to whom 
produced in a bacterial or prokaryotic cell, or in an insect. ls administered an agent, an antineoplastic agent for 
animal or human cell. Collecting the IP-10 may take the 40 exam P le ' havm 8 bone marrOW toxlclt y- 
form of collecting media or 'conditioned media' surrounding » * understood that the IP-10 which is used in the 
the recombinant cells, or may include first lysing or other- pharmaceutical composition may be prepared by a process 
wise breaking the cells and generally removing any cell that includes preparing a recombinant host cell comprising 
debris. Various techniques are suitable for use in protein a recombinant gene segment encoding IP-10; culturing said 
purification, virtually any of which may be employed to 45 ceU under conations effective to allow expression of said 
purify recombinant D?-10. These include, but are not limited gene to produce IP-10; and collecting and purifying the 
to: precipitation, e.g.. using salt, antibodies, ammonium IP-10 so produced. The composition will generaUy comprise 
sulphate. PEG. and the like, followed by centrifugation; from about 99 to about 99.99% IP-10. and more preferably 
chromatography steps such as ion exchange, gel filtration from about 100 to about 200 ug/rol of IP-10. 
and reverse phase chromatography, any of which may also 50 The inventors' contemplate that the pharmaceutical com- 
be used with FPLC and HPLC, and also hydroxylapatite and position may be prepared by a method comprising the steps 
affinity chromatography; isoelectric focusing; gel electro- of obtaining a composition that includes IP-10; purifying the 
phoresis including SDS-PAGE and gel-elution; and combi- IP-10 from said composition by removing one or more 
nations of such and other techniques known to those of skill impurities therefrom; and rendering the purified composi- 
in the art. The preferred method for purifying IP-10 dis- 55 tion pharmacologically acceptable to provide the pharma- 
closed herein involves immunoprecipitation and affinity ceutical composition. The term "pharmaceuticaUy accept- 
chromatography and represents the best mode presently able" refers to molecular entities and compositions which do 
known by the inventors to prepare substantially purified not produce an adverse, allergic or other untoward reaction 
IP- 10. when administered to a human. The preparation of suitable 
The inventors contemplate mat the purified IP-10 so 60 pharmacological compositions is routine to those of skill in 
produced may be comprised in a pharmaceutical composi- the art. as exemplified by "Remington's Pharmaceutical 
tion and that the said pharmaceutical composition may be Sciences" 15th Edition, incorporated herein by reference, 
adrmnistered to a human cancer patient. This administration The composition that includes IP-10 may be obtained by 
of IP-10 may be followed by the administration of an stimulating keratinocytes, monocytes, endothelial cells or 
anti-neoplastic agent which is toxic to bone marrow cells 65 others with an amount of y-interferon effective to promote 
and which is administered in a therapeutically effective the release of IP-10 by said cells, and collecting and partially 
amount. Therefore, a certain embodiment of the present purifying the IP-10 so released to provide the composition or 
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by preparing a recombinant host cell comprising a recom- preparation in conjunction with chemotherapy of cancer 

binant gene segment encoding IP-10; culturing said cell patients. IP- 10, a member of the family of small secreted 

under conditions effective to allow expression of said gene proteins called intercrine cytokines or chemokines, is 

to produce IP- 10; and collecting and purifying the IP-10 so secreted by y-WH stimulatedT cells, monocytes, endothelial 

produced. The recombinant gene segment may encode 5 cells and keratinocytes. The biological properties of IP-10 

f(22-98) IP-10 or it may encode full length IP-10. It is can now be explored due to the cloning of the gene and 

understood that the IP-10 described in this paragraph may be overexpression in baculovirus and in bacterial protein 

produced from a baculovirus expression vector or by any expression systems. A 9.9 kDa protein was secreted by 

other means. insect cells infected with a baculovirus vector containing the 
io IP-10 gene. The said 9.9 kDa protein co-migrated with 

BRIEF DESCRIPTION OF THE DRAWINGS keratinocyte IP-10 and with f(22-98). a bacterial recombi- 

FIGS. 1A and IB. SDS-PAGE analysis of protein syn- nant fragment lacking the signal sequence, but containing all 

thesis by various baculovirus vectors. other residues of IP-10 on SDS-PAGE. All three polypep- 

FIG. 1A. Protein synthesis by wild type and recombinant tides reacted with antibodies recognizing residues 10-98 

baculoviruses. Cells were pulsed with [ 35 S]-methionine 15 (anti-IP-10) and 77-98 (anti-22) of IP-10, demonstrating 

from 60 to 66 hours post-infection, washed, boiled in sample that IP-10 is secreted by keratinocytes and infected insect 

buffer and analyzed by SDS-PAGE. The top of each lane cells after removal of the signal sequence. An important 

designates the infecting baculovirus. WT: wild type bacu- discovery of the present invention is the fact that the IP-10 

lovirus. Sf9: un-inf ected cells. protein does not undergo proteolysis of the carboxy-terminal 

FIG. IB. Immunoprecipitations of cell-associated rIP-10. *> end 38 was previously believed. It is the inventors' belief, in 

Sf9 cells were infected with A221, pulsed with [ 35 S]- fact, that the deletion of the 21 carboxy-tenmnal residues of 

methionine from 60 to 66 hours post infection, boiled in IP-10 results in an inactive protein, in direct ronfradic&on of 

SDS (T), and immunoprecipitates of an equal number of the P^ous model (L uster and Ravetch, 1987). 

cells by non-immune serum (NT). anti-IP-10, or anti-22 were Purified rIP-10 suppresses in vitro colony formation by 

analyzed with SDS-PAGE followed by fluorography, as 25 early human bone marrow progenitor cells which need 

designated at the top of the corresponding lanes. * desig- r-Steel Factor (rSLF) and r-granulocyte-macrophage CSF 

nates the 11.9 kDa form, and ** the 9.9 kDa form of rflP-10. (rGM-CSF) or rSLF and r-erythropoietin (rEPO). The inhi- 

FIGS. 2A and 2B. Western Mot analysis of natural and is dose-dependent, is complete at concentrations 150 

rJP-10. Keratinocyte IP-10 (KC), supernatants from A221- ^ " prevented by preincubation of ant,-^ 

infected Sf9 cells (BV), and representative fractions from 30 ^ b " b y* aU - 2Z ^ ls / so S ™ ™* 

Sepharose-S FPLC (BF) or C4 reverse phase HPLC (BE) CD-34^ cefis. suggesting direct effect by rIP-10 on the 

w«e analyzed by SDS-PAGE along wim f(22-98) (E) or progenitors. CombinaUons of rff-10 and other chemokines 

f(22-77\ CPTi at macave concentrations inhibited colony formation in a 

l\ . ... , ,. . synergistic manner. rIP- 10 did not affect colony formation in 

FIG. 2A is a duplicate membrane stained with anh-IP-10. ^ ^ q{ ^ y oflEpQ 

FIG. 2B is a duplicate membrane stained with anu-22. or ^.cgp bm m absence of rSLR xhe effects of IP-10 

FIGS. 3 A and 3B. Purification of rIP-10 from may be relevant to nonnal marrow function and might be 

baculovirus-infected cells. harnessed to protect human hematopoietic progenitors from 

FIG. 3A. Reverse-phase HPLC of rIP-10 purified from th e cytotoxic effects of chemotherapy. 

Sf9 cells infected with A221. A 230 is the optical density of w Abreviations 

the eluate at 230 nm and % B is the gradient of propanol- jhe following abbreviations are used throughout the 

acetonitrile-TFA. present disclosure: 

FIG. 3B. Analysis of the purification of rIP-10 by SDS- SLF, steel factor; EPO. erythropoietin; CFU-GM. CFU- 

PAGE. S. supernatants of A22I-infected Sf9 cells 6 days granulocyte-macrophage; CFU-GEMM, CFU-granulocyte- 

after infection; F. representative fractions of FPLC on 45 erythroid-macrophage-megakaryocytic; BFU-E erythroid 

Sepharose-S; H, peak fraction of reverse-phase HPLC burst forming unit; PF4, platelet factor-4; FPLC. fast per- 

shown in 3A; and E. purified f(22-98) from E. coli. formance liquid chromatography; MD?. macrophage inflam- 

FIGS. 4A, 4B and 4C. Influence of rIP-10 on colony matory protein; NAP. neutrophil activating peptide; MCAF, 

formation. CFU-GM were plated in the presence of rGM- macrophage chemotactic and activating factor; IL. interleu- 

CSF (100 U/ml) and rSLF (50 ng/ml). CFU-GEMM and 50 kin. 

BFU-E were plated in the presence of rEPO (1 U/ml) and Cloning and Protein Purification 

rSLF (50 ng/mi). Results are given as the meaniSEM and A technique often employed by those skilled in the art of 
reflect 3 separate experiments with rIP-10, and 2-3 expert- protein production today is to obtain a so-called "recombi- 
ments for the other chemokines. Percent changes from nant" version of the protein, to express it in a recombinant 
control designate suppression and were based on control 55 cell and to obtain the protein from such cells. These tech- 
colony numbers for CFU-GM (59±2 to 106+7), BFU-E niques are based upon the "cloning" of a DNA molecule 
(58+4 to 105±2), and CFU-GEMM (37±3 to 68±1). Most encoding the protein from a DNA library, i.e., on obtaining 
symbols in the graphs are smaller than the SEM. which was a specific DNA molecule distinct from other portions of 
always g 12% of the mean percent change. DNA. This can be achieved by, for example, cloning a 

FIG. 4A. Effect of rIP-10 on CFU-GEMM. 60 cDNA molecule, or cloning a genomic-like DNA molecule. 

FIG 4B Effect of rIP-10 on BFU-E The first step in such cloning procedures is the screening 

FIg! 4C. Effect of rIP-10 on CFU-GM. of appropriate DNA library, such as, in the present case. 

a human histiocytic lymphoma cell line. The screening 

DETAILED DESCRIPTION OF THE procedure may be an expression screening protocol employ- 

PREFERRED EMBODIMENTS « ing antibodies directed against the protein, or activity assays. 

A particular embodiment of the present invention is the Alternatively, screening may be based on the hybridization 

use of a processed, recombinant protein in a pharmaceutical of oligonucleotide probes, designed from a consideration of 
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portions of the amino acid sequence of the protein, or from 
the DNA sequences of genes encoding related proteins. 
After identifying an appropriate DNA molecule, it may be 
inserted into any one of the many vectors currently known 
in the art and transferred to a prokaryotic or eukaryotic host 
cell where it will direct the expression and production of the 
so-called recombinant version of the protein. 

Alternatively, a cDNA library may be constructed from 
poly (A) + RNA isolated from cells such as the U937 cell 
line. This RNA may then be translated in a cell free system 
such as the rabbit reticulocyte system The translation prod- 
ucts may then be analyzed by SDS-PAGE, for example. It is 
understood also, that a subtraction hybridization system may 
be employed to discover mRNA that is only synthesized in 
response to certain stimuli, y-JFN, for example. 

It will be understood that recombinant IP 10 may differ 
from naturally-produced IP-10 in certain ways. In particular, 
the degree of post-translational modifications, such as, for 
example, glycosylation and phosphorylation may be differ- 
ent between the recombinant IP-10 and the IP-10 purified 
from a natural source, such as keratinocytes. 
Protein Purification 

Further aspects of the present invention concern the 
purification, and in particular embodiments, the substantial 
purification, of a protein. The term "purified protein" as used 
herein, is intended to refer to a protein composition, isolat- 
able from total serum protein, wherein the protein is purified 
to any degree relative to its naturally-obtainable state, i.e., in 
this case, relative to its purity within a serum extract. A 
purified protein therefore also refers to a protein, free from 
the environment in which it may naturally occur. 

Various methods for quantifying the degree of purification 
of the protein will be known to those of skill in the art in 
light of the present disclosure. These include, for example, 
assessing the number of polypeptides within a fraction by 
SDS/PAGE analysis. 

The actual units used to represent the amount of inhibitory 
activity will, of course, be dependent upon the particular 
assay technique chosen to follow the purification. As dis- 
cussed below, the present inventors prefer to use an assay 
based upon the suppression of colony growth of CFU-GM in 
the presence of rGM-CSF and rSLF; or the inhibition of 
BFU-E or CFU-GEMM in the presence of rSLF and rEPO. 

Generally, "purified" will refer to a protein composition 
which has been subjected to fractionation to remove various 
non-protein components or other irrelevant proteins. Various 
techniques suitable for use in protein purification will be 
well known to those of skill in the art. These include, for 
example, precipitation with ammonium sulphate. PEG, anti- 
bodies and the like or by heat denaturation. followed by 
centrifugation; chromatography steps such as ion exchange, 
gel filtration, reverse phase, hydroxylapatite and affinity 
chromatography; isoelectric focusing; gel electrophoresis; 
and combinations of such and other techniques. 

The preferred purification method disclosed hereinbelow 
contains several steps and represents the best mode presently 
known by the inventors to prepare a substantially purified 
IP-10. This method is currently preferred as it results in the 
substantial purification of the protein, as assessed by colony 
suppressing activity. This preferred mode of protein purifi- 
cation involves the execution of certain purification steps in 
the order described hereinbelow. However, as is generally 
known in the art. it is believed that the order of conducting 
the various purification steps may be changed, or that certain 
steps may be omitted, and still result in a suitable method for 
the preparation of a substantially purified IP-10. 
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Keratinocyte expression 

Primary human keratinocytes were grown in serum-free 
media (Krueger. 1990), and induced with 500 U/ml rIFN-Y. 
The supernatant was collected after 24 hours, and concen- 
5 trated 10-fold with trichloroacetic acid precipitation before 
western blotting. Keratinocytes were labelled with "S- 
methionine and IP-10 immunoprecipitated from their super- 
natants as previously described (Luster. 1987; Krueger, 
1990). 

10 Recombinant Host Cells and Vectors 

Prokaryotic hosts are preferred for expression of the 
unprocessed IP-10 protein, or for any defined fragment of 
IP- 10. Some examples of prokaryotic hosts are E. coli BL 2 1 
(DE3) which is particularly useful. Others are E. coli LE392. 
15 E. coli B. E. coli RR1.E. coli X 1776 (ATCC No. 3 1537) as 
well as E. coli W3 1 10 (F-, lambda-, prototrophic. ATCC No. 
273325). bacilli such as Bacillus subtilis, or other entero- 
bacteriaceae such as Salmonella typhimurium or Sermtia 
marcescens, and various Pseudomonas species may be used. 
20 More particularly, riP- 10 has been produced using the T7 
polymerase bacterial expression system (provided by F W 
Studier, Brookhaven National Laboratories, New York. 
Studier. 1990). The polymerase chain reaction and appro- 
priate oligonucleotide primers (SaiM, 1988) were used to 
25 amplify fragments of IP-10 cDNA with Ncol ends for 
cloning in the protein expression vector peT-3d. Oligonucle- 
otides were synthesized on a model 380B synthesizer from 
Applied Biosystems (Foster City, Calif.) using phosphora- 
midite chemistry. The primers used were OL1075 
so (GGATCCATGGTACCTCTCTCTAGAACC; seq id no:l) 
as the 5' and OL 1076 (GGATCCATGGTTAAGGAGA 
TCTTTTAGA; seq id no:2) as the 3' primer. A cDNA coding 
for f(22-98). a fragment extending from Valine 22 to Proline 
98 and lacking the signal sequence of IP 10 was amplified. 
35 In order to approximate the previously reported processed 
form of IP-10 (Luster. 1987). OL1075 was 
used as the 5' primer and OL1077 
(GGArCCATGGTTATGGATTCAGACATCTCTT; seq id 
no3) as the 3' primer. This procedure amplified f(22-77), a 
40 cDNA coding for a fragment extending from Valine 22 to 
Proline 77, and lacking both the signal sequence and the last 
21 residues of D?-10. but retaining the 4 internal cysteine 
residues. The PCR products were restriction digested with 
Ncol and were cloned into peT-3d, thus removing all 
45 residues of the <(>10 protein (Studier, 1990). and expressing 
the IP-10 fragments as nonfusion proteins with an added 
methionine at the amino terminus. The IP 10 coding regions 
of the recombinant plasmids were sequenced (Sanger, 1977) 
to eliminate the possibility of PCR and cloning errors. 
50 Recombinant plasmids were transformed into lysogen BL2 1 
(DE3) and transformants were induced with 0.4 mM IPTG 
(Studier. 1990). Recombinant f(22-98) was solubilized 
(Marston) and purified as described for neutrophil activating 
peptide (Lindley. 1988). using 40 mM Na Phosphate pH 7.2 
55 during chromatography in S-Sepharose. Fractions with 
IP-10 were pooled and dialysed against PBS. 

In addition to prokaryotes, eukaryotic microbes, such as 
yeast cultures may also be used. Saccharomyces cervvisiae, 
or common baker' s yeast is the most commonly used among 
60 eukaryotic microorganisms, although a number of other 
strains are commonly available. For expression in 
Saccharomyces. the plasmid YRp7, for example, is com- 
monly used (Stinchcomb et al., 1979; Kingsman et al., 1979; 
Tschemper et al.. 1980). This plasmid already contains the 
65 trpl gene which provides a selection marker for a mutant 
strain of yeast lacking the ability to grow in tryptophan, for 
example ATCC No. 44076 or PEP4-1 (Jones, 1977). The 
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presence of the trpl lesion as a characteristic of the yeast host 
cell genome then provides an effective environment for 
detecting transformation by growth in the absence of tryp- 
tophan. 

Suitable promoting sequences in yeast vectors include the 
promoters for 3 -phosphogly cerate kinase (Hitzeman et al., 
1980) or other glycolytic enzymes (Hess et al.. 1968; 
Holland et al., 1978). such as enolase. glyceraldehyde-3- 
phosphate dehydrogenase, hexokinase. pyruvate 
decarboxylase, phosphofructokinase, glucose-6-phosphate 
isomerase, 3 -phosphogly cerate mutase, pyruvate kinase, tri- 
osephosphate isomerase, phosphoglucose isomerase. and 
glucokinase. In constructing suitable expression plasmids. 
the termination sequences associated with these genes are 
also ligated into the expression vector 3' of the sequence 
desired to be expressed to provide polyadenylation of the 
mRNA and termination. Other promoters, which have the 
additional advantage of transcription controlled by growth 
conditions are the promoter region for alcohol dehydroge- 
nase 2, isocytochrome C. acid phosphatase, degradative 
enzymes associated with nitrogen metabolism, and the 
aforementioned glyceraldehyde-3 -phosphate 
dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Any plasmid vector containing a yeast- 
compatible promoter, an origin of replication, and termina- 
tion sequences is suitable. 

In addition to microorganisms, cultures of cells derived 
from multicellular organisms may also be used as hosts. In 
principle, any such cell culture is workable, whether from 
vertebrate or invertebrate culture. However, interest has 
been greatest in vertebrate cells, and propagation of verte- 
brate cells in culture (tissue culture) has become a routine 
procedure in recent years (Tissue Culture, 1973). Examples 
of such useful host cell lines are VERO and HeLa cells, 
Chinese hamster ovary (CHO) cell lines, and W138, BHK, 
COS-7, 293 and MDCK cell lines. Expression vectors for 
such cells ordinarily include (if necessary) an origin of 
replication, a promoter located in front of the gene to be 
expressed, along with any necessary ribosome binding sites, 
RNA splice sites, polyadenylation site, and transcriptional 
terminator sequences. 

Of particular interest is the baculovirus system in which 
Sf9 insect cells infected with recombinant baculoviruses 
synthesize large amounts of recombinant proteins. Of par- 
ticular importance is the ability of Sf9 cells to remove leader 
sequences, correctly fold proteins, and secrete them in the 
media (Webb and Summers, 1990; Summers and Smith. 
1987). Many secreted proteins have been successfully pro- 
duced in soluble, biologically active form from Sf9 cells 
infected by recombinant baculoviruses (Smith. 1985; 
Miyajima. 1987; Rodewald. 1990; Ingley. 1991; Smith. 
1983; LeBacq-Verheyden, 1988; Whitefleet-Smith. 1989; 
Davidson, 1991; Steiner. 1988; Jarvis, 1989; WojchowsJri, 
1987; Quelle, 1989; Barnett, 1990; Chiou. 1990; Nkhai, 
1991; Chen, 1991; Chen, 1991; Gillepsie. 1991). 
DNA Segments 

Important aspects of the present invention concern iso- 
lated DNA segments and recombinant vectors encoding the 
IP- 10 protein, and the creation of recombinant host cells, 
through the application of DNA technology, which express 
1P-10. 

As used herein, the term "DNA segment" is intended to 
refer to a DNA molecule which has been isolated free of 
total genomic DNA of a particular species. Therefore, a 
DNA segment encoding IP-10 is intended to refer to a DNA 
segment which contains such coding sequences, yet is 
isolated away from total genomic DNA of the human cell. 
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Included within the term "DNA segment", are DNA seg- 
ments which may be employed in the preparation of vectors, 
as well as the vectors themselves, including, for example, 
plasmids. cosmids, phage, viruses, and the like. 
5 Recombinant vectors and isolated segments may vari- 
ously include the DM0 coding regions themselves, coding 
regions bearing selected alterations or modifications in the 
basic coding region or may encode larger polypeptides 
which nevertheless include sequences which will define the 
10 myelosuppressive activity. 
Site-Specific Mutagenesis 

Site-specific mutagenesis is a technique useful in toe 
preparation of individual peptides, or biologically function- 
ally equivalent proteins or peptides, through specific 
15 mutagenesis of the underlying DNA. The technique further 
provides a ready ability to prepare and test sequence 
variants, for example, incorporating one or more of the 
foregoing considerations, by introducing one or more nucle- 
otide sequence changes into the DNA. Site-specific 
20 mutagenesis allows the production of mutants through the 
use of specific oligonucleotide sequences which encode the 
DNA sequence of the desired mutation, as well as a sufficient 
number of adjacent nucleotides, to provide a primer 
sequence of sufficient size and sequence complexity to form 
25 a stable duplex on both sides of the deletion junction being 
traversed. Typically, a primer of about 17 to 25 nucleotides 
in length is preferred, with about 5 to 10 residues on both 
sides of the junction of the sequence being altered. 

In general, the technique of site-specific mutagenesis is 
30 well known in the art as exemplified by publications 
(Adelman et al.. 1983). As will be appreciated, the technique 
may employ a phage vector which exists in both a single 
stranded and double stranded form. Typical vectors useful in 
site-directed mutagenesis include vectors such as the M13 
35 phage (Messing et al.. 1981). These phage are readily 
commercially available and their use is generally well 
known to those skilled in the art. Double stranded plasmids 
are also routinely employed in site directed mutagenesis 
which eliminates the step of transferring the gene of interest 
40 from a plasmid to a phage. 

In general, site-directed mutagenesis in accordance here- 
with is performed by first obtaining a single-stranded vector 
or melting apart the two strands of a double stranded vector 
which includes within its sequence a DNA sequence which 
45 encodes the IP-10 protein. An oligonucleotide primer bear- 
ing the desired mutated sequence is prepared, generally 
synthetically, for example by the method of Crea et al. 
(1978). This primer is then annealed with the single-stranded 
vector, and subjected to DNA polymerizing enzymes such as 
so E. coti polymerase I Klenow fragment, in order to complete 
the synthesis of the mutation-bearing strand. Thus, a het- 
eroduplex is formed wherein one strand encodes the original 
non-mutated sequence and the second strand bears the 
desired mutation. This heteroduplex vector is then used to 
55 transform appropriate cells, such as E. coli cells, and clones 
are selected which include recombinant vectors bearing the 
mutated sequence arrangement 

The preparation of sequence variants of the selected IP-10 
encoding gene using site-directed mutagenesis is provided 
60 as a means of producing potentially useful protein species 
and is not meant to be limiting as there are other ways in 
which sequence variants of the protein may be obtained. For 
example, recombinant vectors encoding the desired IP-10 
encoding gene may be treated wilh mutagenic agents to 
65 obtain sequence variants (see, e.g., a method described by 
Eichenlaub. 1979) for the mutagenesis of plasmid DNA 
using hydroxylamine. 
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Protein Modifications obtain a biologically equivalent, and in particular, an immu- 

As mentioned above, modification and changes may be nologicaUy equivalent protein. In such changes, the substi- 

made in the structure of IP-10 and still obtain a molecule tution of amino acids whose hydrophilicity values are within 

having like or otherwise desirable characteristics. For +2 is preferred, those which are within +1 are particularly 

example, certain amino acids may be substituted for other 5 preferred, and those within ±0.5 are even more particularly 

amino acids in a protein structure without appreciable loss of preferred. 

interactive binding capacity with structures such as, for As outlined above, amino acid substitutions are generally 

example, antigen-binding regions of antibodies or binding therefore based on the relative similarity of the amino acid 

sites on substrate molecules or receptors. Since it is the side-chain substituents. for example, their hydrophobicity, 

interactive capacity and nature of a protein that defines lhat 10 hydrophilicity. charge, size, and the like. Exemplary substi- 

protein's biological functional activity, certain amino acid tutions which take various of the foregoing characteristics 

sequence substitutions can be made in a protein sequence into consideration are well known to those of skill in the art 

(or. of course, its underlying DNA coding sequence) and and include: arginine and lysine; glutamate and aspartate; 

nevertheless obtain a protein with like, enhanced or even serine and threonine; glutamine and asparagine; and valine, 

countervailing properties (e.g., antagonistic v. agonistic). It 15 leucine and isoleucine. For example, site specific mutagen- 

is thus contemplated by the inventors that various changes esis of phenylalanine 56 of IP-10 to tyrosine may permit the 

may be made in the sequence of IP-10 proteins or peptides generation of a biologically active molecule able to bind on 

(or underlying DNA) without appreciable loss of their the surface of early hematopoietic progenitors or appropriate 

biological utility or activity, and changes may also be made cell lines. The tyrosine can be labeled with radioactive 

which enhance their biological utility or activity. 20 iodine without destroying the biological activity of the 

In making such changes, the hydropathic index of amino protein, and thus would allow the study and isolation of the 

acids may be considered. The importance of the hydropathic cellular receptors of IP-10. 

amino acid index in conferring interactive biologic function While discussion has focused on functionally equivalent 

on a protein is generally understood in the art (Kyte & polypeptides arising from amino acid changes, it will be 

Doolittle. I. Mol. Biol., 157:105-132, 1982). It is known that 25 appreciated that these changes may be effected by alteration 

certain amino acids may be substituted for other amino acids of the encoding DNA; taking into consideration also that the 

having a similar hydropathic index or score and still result genetic code is degenerate and that two or more codons may 

in a protein with similar biological activity. Each amino acid code for the same amino acid. 

has been assigned a hydropathic index on the basis of their In addition, deletion mutations of IP-10 can be generated 

hydrophobicity and charge characteristics, these are: isoleu- 30 with the polymerase chain reaction, as is the case of 

cine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine f(22-77) which lacks the last 21 carboxy terminal residues 

(+2.8): cysteine/cystine (+2.5); methionine (+1.9); alanine of IP-10 and is believed to be inactive. This discovery 

(+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryp- enhances the value of the correct definition of the natural 

tophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine form of IP 10 contained within the present disclosure. 

(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 35 Pharmaceutical Preparations 

asparagine (-3.5); lysine (-3.9); and arginine (-4.5). The novel pharmaceutical preparations of the present 

It is believed that the relative hydropathic character of the invention may be administered alone or in combination with 

amino acid determines the secondary structure of the result- pharmaccutically acceptable carriers, in either single or 

ant protein, which in turn defines the interaction of the multiple doses. Suitable pharmaceutical carriers include 

protein with other molecules, for example, enzymes, 40 inert solid diluents or fillers, sterile aqueous solution and 

substrates, receptors, antibodies, antigens, and the like. It is various organic solvents. The pharmaceutical compositions 

known in the art that an amino acid may be substituted by formed by ronibining a protein of the present invention and 

another amino acid having a similar hydropathic index and the pharmaceutically acceptable carriers are then easily 

still obtain a biological functionally equivalent protein. In administered in a variety of dosage forms such as injectable 

such changes, the substitution of amino acids whose hydro- 45 solutions. 

pathic indices are within ±2 is preferred, those which are For parenteral adrninistration, solutions of the protein in 

within ±1 are particularly preferred, and those within +0.5 sesame or peanut oil. aqueous propylene glycol, or in sterile 

are even more particularly preferred. aqueous solution may be employed. Such aqueous solutions 

Substitution of like amino acids can also be made on the should be suitably buffered if necessary and the liquid 
basis of hydrophilicity. particularly where the biological 50 diluent first rendered isotonic with sufficient saline or glu- 
functional equivalent protein or peptide thereby created is cose. These particular aqueous solutions are especially suit- 
intended for use in immunological embodiments. U.S. Pat. able for intravenous, intramuscular, subcutaneous and intra- 
No. 4.554.101, incorporated herein by reference, states that peritoneal administration. In this connection, sterile aqueous 
the greatest local average hydrophilicity of a protein, as media which can be employed will be known to those of 
governed by the hydrophilicity of its adjacent amino acids, 55 skill in the art in light of the present disclosure, 
correlates with its immunogenicity and antigenicity, i.e. with The pharmaceutical forms suitable for injectable use 
a biological property of the protein. include sterile aqueous solutions or dispersions and sterile 

As detailed in U.S. Pat. No. 4.554,101, the following powders for the extemporaneous preparation of sterile 

hydrophilicity values have been assigned to amino acid injectable solutions or dispersions. In all cases the form must 

residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0+1); *o be sterile and must be fluid to the extent that easy syring- 

glutamate (+3.0±1); serine (+0.3); asparagine (+0.2); ability exists. It must be stable under the conditions of 

glutamine (+0.2); glycine (0); threonine (-0.4); proline manufacture and storage and must be preserved against the 

(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); contaminating action of microorganisms, such as bacteria 

methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine and fungi. The carrier can be a solvent or dispersion medium 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 65 containing, for example, water, ethanol, polyol (for example. 

(-3.4). It is understood that an amino acid can be substituted glycerol, propylene glycol, and liquid polyethylene glycol, 
for another having a similar hydrophilicity value and still and the like), suitable mixtures thereof, and vegetable oils. 



5,72 

13 

The proper fluidity can be maintained, for example, by the 
use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use 
of surfactants. It is also contemplated that dilute acidic 
solutions may be preferred in order to maintain IP- 10 in 
solution. The prevention of the action of microorganisms 
can be brought about by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic 
acid, thimerosal, and the like. In many cases, it will be 
preferable to include isotonic agents, for example, sugars or 
sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the com- 
positions of agents delaying absorption, for example, alu- 
minum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating 
the active compounds in the required amount in the appro- 
priate solvent with various of the other ingredients enumer- 
ated above, as required followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the 
various sterilized active ingredients into a sterile vehicle 
which contains the basic dispersion medium and the 
required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile 
injectable solutions, the preferred methods of preparation 
are vacuum-drying and freeze-drying techniques which 
yield a powder of the active ingredient plus ny additional 
desired ingredient from a previously sterile-filtered solution 
thereof. 

As used herein, "pharmaceutically acceptable carrier" 
includes any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption 
delaying agents and the like. The use of such media and 
agents for pharmaceutically active substances is well known 
in the art. Except insofar as any conventional media or agent 
is incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated Supplementary 
active ingredients can also be incorporated into the compo- 

Suppression of Stem Cells During Chemotherapy 

In a certain embodiment, the myelosuppressive activity of 
the pharmaceutical preparations discussed above may prove 
useful in the treatment of human cancers. For example, 
chemotherapeutic agents are often designed to have a selec- 
tive effect on rapidly growing cells. Unfortunately, healthy 
bone marrow, hair follicle and intestinal epithelium are also 
affected by these agents. The present invention, by suppress- 
ing growth in at least some of these cells may protect them 
from the chemotherapy agents and thus allow for a more 
intense or longer period of chemotherapy treatment. 

The preparations of the present invention may be used 
with a variety of chemotherapy agents. Some classes of 
agents include alkylating agents such as nitrogen mustards, 
ethylenimines and methylmelamines, alkyl sulfonates, 
nitrosoureas, triazenes and the like; antimetabolites such as 
folic acid analogs, pyrimidine analogs, in particular fluo- 
rouradl and cytosine arabinoside, and purine analogs and 
the like; natural products such as vinca alkaloids, 
epipodophyllotoxins, antibiotics, enzymes and biological 
response modifiers; and miscellaneous products such as 
platinum coordination complexes, anthracenedione, substi- 
tuted urea such as hydroxyurea, methyl hydrazine 
derivatives, adrenocorticoid suppressants and the like. See 
for example, Goodman and Gilman's The Pharmacological 
Basis of Therapeutics, 8th edition, Pergamon Press, section 
XII, incorporated herein by reference. 

The chemotherapy agents are administered orally, 
intravenously, intramuscularly, intrapleurally or intraperito- 
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neally at doses based on the body weight and degree of 
disease progression of the patient, and may be given in one, 
two or even four daily administrations. Dosages range from 
about 0.5 mg/kg per day up to tens and even hundreds of 

5 mg/kg per day depending on the chemotherapy agent being 
administered and the patients weight and condition. The 
preparation of the present invention may be administered in 
conjunction with the chemotherapeutic agent. "In conjunc- 
tion with" means that the pharmaceutical composition is 

10 administered either in a single composition or separately, 
either before, after or concurrently with the chemotherapy 
agent. Dosages of the myelosuppressive preparation will 
also depend on the body weight of the patient and on the 
amount of chemotherapy agent administered. Dosages will 

15 range from about 3 ug/kg per day to about 100 ug/kg per day. 
and may be administered intravenously, intramuscularly or 
intraperitoneally, for example. The exact dosage will be 
determined by the practitioner for each individual case. 
The following examples are included to demonstrate 

20 preferred embodiments of the invention. It should be appre- 
ciated by those of skill in the art (hat (he techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 

25 preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

EXAMPLE I 
Cloning of IP- 10 
The cloning of IP-10 cDNA and the affinity purification of 
35 antibodies against residues 10-98 (anti-IP- 10), and 77-98 
(anti-22) of IP-10 have been described elsewhere (Luster et 
al., 1985. Luster et al.. 1987). Below is a brief description of 
the procedures. 
Cell Culture 

40 Human endothelial cells were isolated from umbilical 
cord veins (Jaffe et al.. 1973) and grown in M199 medium 
supplemented with 20% heat-inactivated human serum, 
penicillin (100 U/ml). and streptomycin (100 ug/ml). All the 
studies were performed on second-passage human umbilical 

45 cord endothelial cells (HUVE). A primary keratinocyte cell 
line isolated from human foreskin was obtained from 
Clonetics Corporation (Boulder, Colo.) and maintained in a 
defined keratinocyte growth medium (Tsao et al., 1982). 
PBMC were isolated from venous blood fractionated on a 

so Ficoll-Hypaque gradient. Monocytes were isolated from 
these PBMC by Percoll gradient fractionation (Wright and 
Silverman. 1982) and maintained in a-modified Eagle's 
medium (ctMEM) supplemented with 10% heat-inactivated 
autologous human serum or fetal calf serum (FCS), 

55 penicillin, and streptomycin. FS4 cells were grown in 
aMEM supplemented with 10% FCS. penicillin, and strep- 
tomycin. 

All induction experiments were performed in the regular 
cell growth media, using cells just before reaching conflu- 
ence. Monocytes were induced at 10 6 cells/ml in Teflon 
dishes. 
IFN-y 

The IFN-y was a highly purified recombinant protein 
synthesized in E. coli generously provided by Genentech, 
Inc.. San Francisco, Calif. The endotoxin levels were deter- 
mined in a limulus amoebocyte lysate assay before shipping. 
The human rIFN-Y had a specific activity of 2-4xl0 7 U/mg 
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as determined in a human lung carcinoma A549 inhibition The rabbit was boosted twice at 1-mo intervals with the 

assay using the encephalomyocarditis virus. same amount of protein in 1FA. 10 d after the second boost, 

Peptide Synthesis the rabbit was bled and serum was isolated and used for 

The peptide was synthesized by the solid-phase method Western blotting and immunoprecipitation. 

(Barany and Merrifleld, 1979) using chloromethylated. 1% 5 IgG was isolated from serum by protein A-Sepharose 

crosslinked. styrene-divinylbenzene copolymer (Merrifled affinity chromatography (Pharmacia Fine Chemicals, 

Resin). Deprotection was followed by a coupling program Piscataway, N.I.). 1 mg of the gel-purified recombinant 

that used the symmetric anhydrides of the appropriate Boc protein was coupled to cyanogen bromide -activated 

amino acids (Bachem Inc.. Torrance. Calif.; or Peninsula Sepharose 4B (Pharmacia Fine Chemicals). 100-200 mg 

Laboratories, Inc., Belmont. Calif.) (Yamashiro and Li. to IgG was affinity purified on (he recombinant protein column. 

1978). The side-chain functionalities were protected by The bound IgG was eluted with 1M glycine-HCl, pH 2.8. 

benzyl-type protecting groups. The peptide was cleaved quickly neutralized with 2MTris. and dialyzed against PBS. 

from the resin and deprotected by treatment with liquid The affinity-purified antiserum was used for 

HF-anisole at -0° C. (Scotchler et al.. 1970). The peptide immunoprecipitation. immunofluorescence, and immuno- 

was purified by gel-permeation chromatography, ion- 15 histochemistry, 

exchange chromatography, and reverse-phase HPLC. The Pulse-chase Experiments 

final product was homogeneous by analytical reverse-phase HUVE cell monolayers (~10 6 cells) were washed twice 

HPLC. - ^ maintained for 30 min in aMEM lacking 

The peptide was glutaraldehyde coupled to keyhole lim- methionine but containing 200 mM glutamine. Cells were 

pet hemocyanin (KLH) (Pfaff et al., 1982). 2 ug of peptide 20 then pulsed for 30 min in this cell-starvation medium 

was dissolved 10 ul of H 2 0 and added to 15 ng KLH in 2 supplemented with [ 35 S]methionine (500 uCi/ml). After 

ml 0.1M PBS. Glutaraldehyde (21 mM) was added over 1 h removal of the pulse medium, the cells were washed twice 

at room temperature. The mixture was allowed to stand with PBS and then incubated with cell growth medium 

overnight at room temperature and then was dialyzed against supplemented with unlabeled methionine (5 mM) for the 

PBS. 25 chase periods indicated. At the completion of me chase, the 

Approximately 100 ug of protein in CFA was used to monolayers were washed twice with PBS and scraped into 

immunize two 8-wk-old female New Zealand white rabbits. an SDS solution (0.5% SDS. 50 mM Tris. pH 7.4. 100 mM 

The rabbits were boosted twice at 1-mo intervals with the NaCl. 2 mM EDTA). After being heated for 2 min at 100° 

same amount of protein in IFA. 10 d after the second boost. C, the samples were frozen at -20° C. For 

the rabbit was bled and serum was isolated and used for 30 immunoprecipitation. the samples were again heated for 2 

Western blotting and immunoprecipitation. min at 100° C., sonicated for 2 min. and adjusted to contain 

E. coli Expression and Production of Antiserum 0.2 U/ml aprotinin (Sigma Chemical Co.. St. Louis, Mo.), 

A 576-bp Xba I Eco RI insert derived from the IP-10 and 1 mM PMSF (Sigma Chemical Co.). Affinity-purified 

cDNAplasmid pTFNy-31.7 (Matsuura. 1987) was cloned antibodies were added to a final concentration of 5 ug/ml and 

into the fusion expression vector pB4^ (Leammli, 1970). 35 the imnmopredpiution was continued as described below. 

The pB4 + vector contains the gene for the influenza vital Immunoblotting 

protein NSI. The plasmid was transformed into the E. coli E. coli cells or human cell lysates were dissolved in 

strain AR58. which is a A. lysogen containing a temperature- sample buffer (2% SDS/0.0625MTris. pH 7.4/10% glycerol/ 

sensitive mutation in the CI gene (CI857). The resulting 0.01% bromphenol blue/and 5% 2-ME). boiled for 5 min. 

strain, harboring the recombinant expression plasmid, pro- 40 and fractionated by SDS-PAGE using slab gels of 12.5 and 

duced a fusion protein at the nonpermissive temperature that 15% acrylamide. Prestained protein molecular weight stan- 

consisted of 81 amino acids of NSI and 72 amino acids of dards (Bethesda Research Laboratories. Gaithersburg, Md.) 

DM0. were used to calculate apparent molecular weights. Protein 

A 325-bp Fnu4H fragment derived from the IP- 10 cDNA was transferred electrophoretically to nitrocellulose 

plasmid pD?NY 3 1- 7 was cloned into the nonfusion expres- 45 (Schleicher & Schuell. Inc.. Keene, N.H.). All of the fol- 

sion vector pT17. This recombinant plasmid was trans- lowing steps were performed in Tris-buffered saline (TBS; 

formed into the £. coK strain AR58, which upon temperature 50 mM Tris. pH 7.5. 2 mM EDTA, 0.15M NaCl), 0.5% 

induction synthesized 88 amino acids of the IP-10 protein. NP-40. and 0% FCS. The nitrocellulose filter was first 

Bacterial cells were grown in L-broth at 30° C. to an treated overnight in 5% nonfat dry milk, followed by incu- 

OD 650 of 0.3. then shifted to 42° C. for 1 h of growth. The 50 bation for 2 h with a 1:1.000 dilution of antiserum. The 

bacterial cells were pelleted by centrifugation and resus- nitrocellulose was washed and reacted for 1 h with 10 6 

pended in V20 vol of PBS. The cells were ly sed by sonication cpm/ml of 12 1 Staphylococcus protein A ( Amersham Corp. . 

and subjected to centrifugation at 10.000 rpm for 5 min. The Amersham. Arlington Heights. UL). After extensive washing 

pellet, which included the recombinant proteins and cellular in TBS+0.5% NP-40, the filter was exposed to x-ray film at 

envelopes, was suspended in sample buffer and subjected to 55 -70° C. in the presence of an intensifying screen, 

preparative SDS-PAGE. The gel was stained with Coo- Immunoprecipitation 

massie Brilliant Blue R f or 1 min and immediately washed Approximately 10* cells were lysed in PBS containing 

live times in deionized water. The faintly stained band was 1% NP-40, 0.2 U/ml aprotinin. 1 mM PMSF, and 0.1% 

excised from the gel with a razor blade and minced The gel diisopropylfluorophosphate (Sigma Chemical Co.). Nuclei 

pieces were soaked for 24 h in 50 mM Tris, pH 7.5. 60 and debris were removed by centrifugation at 14.000 g for 
containing 0.15M NaCl and 0.1% SDS. The amount of 5 min. The lysate was adjusted to 0.2% SDS and boiled for 

eluted protein recovered was estimated by comparison to 5 min at 100° C. The lysate was further clarified by 

protein standards (Bio-Rad Laboratories, Richmond, Calif.) centrifugation at 45.000 g. 15 min at 4° C. The supernatant 

after SDS-PAGE. This treatment of the sample resulted in a was passed through a 0.45-um millex filter and further 

preparation highly enriched for recombinant proteins. 65 clarified by centrifugation at 45.000 g, 15 min at 4° C. 

Approximately 100 ug of protein in CFA was used to Affinity-purified antibodies were added to a final concen- 

immunize an 8-wk-old female New Zealand white rabbit tration of 5 ug/ml to both lysate and supernatant. The 
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solution was incubated at room temperature for 4-16 h. 
Antigen-antibody complexes were precipitated by incuba- 
tion with protein A-Sepharose for 2 h at room temperature. 

The immunoabsorbed protein A-Sepharose beads were 
collected by centrifugation, washed twice in buffer that 
contained 0.6M NaCl, 0.0125M KP0 4 , pH 7.4, and 0.02% 
NaN 3 (HSA buffer), twice at room temperature with a mixed 
detergent solution (0.05% NP40. 0.1% SDS. 0.3M NaCl, 
and 10 mM Tris-HCl. pH 8.6). once again with HSA buffer, 
and finally, once in PBS. The antigen-antibody complexes 
were released from the beads by incubation at 100° C. for 2 
min in 2x PAGE sample buffer. 
NH 2 -Terminal Sequence Determination 

Human keratinocytes were biosynthetically labeled with 
[ 3 H]leucine and [ 3i S]cystein for 8 h. Radiolabeled IP-10 
was purified from the keratinocyte media by immunopre- 
cipitation and SDS-PAGE. The gels were dried down with- 
out fixing or staining. The IP- 10 protein was located in the 
gel by autoradiography, electroeluted from the gel. and 
concentrated by precipitation (Schragger, 1987). Samples 
were subjected to automated Edman degradation in a Gas 
Phase Sequencer (Model 470A; Applied Biosystems, Inc., 
Foster City, Calif.). The amino acid derivative obtained at 
each cycle was dissolved in 20% acetonitrile and transferred 
to 10 ml of Aquasol for scintillation counting. 
ELISA 

The antipeptide antisera were checked for their ability to 
react with the synthetic peptide by an ELISA assay. Micro- 
liter plates were coated with peptide (100 ng/well) in a 
sodium carbonate buffer, pH 9.6, and then saturated with 3% 
BSA, PBS, 0.1% Tween 20. One hundred miaoliters of 
antipeptide antisera dilutions from 10" J to 10~ 7 were placed 
in the wells and incubated for 2 h. After extensive washing 
in PBS/0.05% Tween. the plates were incubated for 2 h with 
peroxidase-labeled affinity-purified goat anti-rabbit IgG. 
The wells were then washed and the substrate 
O-phenylenediamine (100 ul of 10 mg/25 ml in 0.05M 
citrate phosphate buffer, pH 5) was added. The reaction was 
allowed to proceed for 10 min at room temperature and was 
stopped by addition of 50 ml of 2.5M H 2 S0 4 . Absorbance 
was read at 410 nm in an automatic plate reader (Minireader 
II; Dynatech Laboratories. Inc., Alexandria, Va.). Positive 
ELISA readings were obtained at dilutions of 10~ 7 after 
boosting with peptide conjugate. The purified peptide was 
attached to CNBr-activated Sepharose 4B. This matrix was 
used to affinity purify the rabbit antipeptide antiserum. The 
affinity-purified antibodies were used for Western blotting 
and immunoprecipitation experiments. 
RNA Isolation and Blotting 

Total cellular RNA was isolated by the guanidinium 
isothiocyanate-cesium chloride method. RNA was fraction- 
ated on a 1% agarose gel containing 2.2M formaldehyde 
(Irie. 1980) and transferred to nitrocellulose (Michaels. 
1991) and hybridized with a random primed (Towbin, 1979) 
IP-10 cDNA probe (pIFNy-3 1.7). Hybridization was per- 
formed at 40° C. for 16 h in a solution containing 50% 
formamide. 10% dextran sulfate, 5x SSC (lx SSC: 0.15M 
sodium chloride. 0.015M sodium citrate), lx Denhardt's 
(0.02% polyvinyl-pyrrolidone, 0.02% Ficoll. and 0.02% 
BSA). and 200 ug/ml of sonicated herring sperm DNA. The 
filters were washed at 50° C. in O.lx SSC containing 0.1% 
SDS and exposed at -70° C. to Kodak XAR film in the 
presence of one intensifying screen (Cronex Lightning 
Plus). 

EXPRESSION OF RECOMBINANT IP-10 
Recombinant IP-10 has been expressed in both insect and 
bacterial systems as described in Examples n and HI. The 
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IP- 10 secreted from insect cells appears to be lacking the 
signal sequence, which is also removed from the naturally 
occuring protein which is secreted from keratinocytes, for 
example. In addition, the full length protein and two smaller 
5 fragments have been produced by a bacterial expression 
system. 

EXAMPLE n 
10 Expression in Insect Cells 

Materials and Methods 

AH chemicals were reagent grade. Protein molecular 
weight markers were ffomBRL (Gaithersburg. Md.). Ficotl- 

15 Hypaque, Protein A-Sepharose, and S-Sepharose were from 
Pharmacia (Piscataway, N.J.). EX-CELL-400 was from JR 
Scientific (Woodland, Calif.). The 4.6x150 mm C4 reverse 
phase column was from Vydac (Hesperia, Calif.). The 
Rapid-Ag Silver protein staining kit was from ICN 

M (Cleveland. Ohio). 

Wild type baculovirus, Sf9 insect cells, and transfer vector 
pVL1392 (Webb and Summers, 1990) were provided by M 
D Summers (Texas A&M University, College Station, Tex.). 
Transfer vector pAcYMl (Matsuura et. al.. 1987) was 
provided by D. Bishop (NERC Institute of Virology. Oxford. 
UK). The Pst-1 fragment of the IP-10 cDNA was cloned in 
the Pst-1 site of pVL1392. and yielded recombinant bacu- 
loviruses 8555 and 9094. For elimination of its 5' untrans- 
lated sequences, the IP-10 cDNA was digested with Nla3. 
the 375 nucleotide fragment was purified, ligated to 
GATCCATG, restricted with BamHl. and cloned into the 
BamHl site of pAcYMl. generating recombinant baculovi- 
ruses A213 and A221. Standard techniques were performed 

„ for isolation of recombinant baculoviruses (Webb and 
Summers, 1990; Sambrook et al.. 1989). All junctions 
between recombinant transfer vectors and IP-10 cDNA were 
sequenced (Sanger et. al.. 1987) to exclude cloning artifacts. 
For production of rIP-10. Sf9 cells were infected with A221 
(20 PFU/cell). 6-day supernatants were cleared at 100.000 G 
for 1 h at 4° C. dialyzed against 40 mM Na Phosphate pH 
7.2. and loaded on a 15 ml Sepharose-S FPLC column. 
Proteins were eluted with a linear gradient of 0.0-2.0M 
NaCl in 40 mM Na Phosphate pH 7.2 (150 ml), fractions 

45 containing rIP- 10 were identified with a dot blot immunoas- 
say (Sarris et. al.. 1992) using anti-IP- 10, and were loaded 
on a reverse-phase C4 HPLC column. Adsorbed rIP-10 was 
eluted with a gradient of 25% acetonitrile-50% propanol- 
25% H z O in 0.1% TFA. lyophilized and resuspended in 

M endotoxin-free PBS. 

Proteins were separated on 10-20% gradient PAGE in the 
presence of 0.1% SDS with 0.75M Tris-HCl, pH 8.45. in the 
stacking gel; 1.0M Tris-HCl. pH 8.45. in the separating gel; 
0.2M Tris HC1. pH 8.9 in the anode reservoir; and 0. 1M 

55 Tris-O.IM Tricine in the cathode reservoir (Schragger and 
von Jagow. 1987). Protein gels were stained with silver (Irie, 
1980), and quantitated by densitometry. Western blots were 
performed on Immobilon-P (Sarris et. al.. 1992; Towbin et. 
al. 1979). rIP-10 was immunoprecipitated from Sf9 cells 

60 labeled with [ 35 S]-methionine after boiling in 500 ul of 0.2% 
SDS. 50mM Tris-HCl. pH 7.5. and the sequential addition of 
NP-40 (final concentration of 1%). affinity purified antibod- 
ies (final concentration 5 ug/ml). and Protein-A beads (Sarris 
and Palade, 1982). The M r of IP- 10 was estimated from the 

65 mobilities of marker proteins of 43-14.3 kDa. Aroino- 
terminal sequencing was performed as described (Hewick 
et al., 1981; Tempst and Riviere, 1989). 
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Results ing the N-terminal Methionine). The yield of purified rIP-10 

Recombinant baculoviruses 8555. 9094, A213 and A221 was 0.5 ug/ml of supernatant in the baculovirus system, 
express rIP-10 as a nonfusion protein. In baculovirus 8555 

the initiating codon, ATG of the polyhedrin gene is mutated EXAMPLE HI 

to ATT, and protein synthesis starts 118 nucleotides 5 

downstream, at the initiating ATG of the IP- 10 cDNA. In Expression in Bacterial Cells 

baculovirus 9094 the IP- 10 was inserted in the same location . 

but in reverse orientation. In A221 and A213 the initiating This section describes the generation and purification of 

ATG of the polyhedrin gene is destroyed by deletion of two forms of recombinant IP- 10; f (22-98) which is identical 

nucleotides 2-75 1 of its coding region, and protein synthesis to the naturally occurring IP- 10 but has an added methionine 

starts 8 nucleotides downstream at the initiating ATG of at its amino terminal, and f(22-77) which differs from 

IP-10. Most 3'-untranslated sequences of the IP-10 were f(22-98) by a deletion of the last 21-carboxy-terminal amino 

deleted from A213 and A221. acids. 

Analysis of protein synthesis after infection by 8555 and Using two primers, A 

A22 1 demonstrated a major new band of 9.9 kDa. similar in (GGATCCATGGTACCTCTCTCTAGAACC; seq id no:l) 

size to IP-10 without the signal sequence (10.0 kDa) and a d fi (GGATCC ATGGTTAAGGAGATCriTTAGA; 
minor band of 11.9 kDa, similar in size to IP-10 with the 



„ , „ , , . , , , seq id no:2) as 3' primer, a cDNA coding for f(22-98) Wac. 

signal sequence (12.4 kDa). Neither band was detected in ^ £ This ^ f {g a 

uninfected cells or in cells infected with 9094 or with wild v ) ' ^j,. T„ a „ ( L:,„ 

type virus (FIG. 1A). The 9.9 kDa but not the 11.9 kDa band fragment lacking the signal peptide and extendmg from 

was detected in supernatants of infected cells by autorad- 20 valine 22 to proline 98 of IP- 10. With C 

teSs from cells infected with A221. but anti-IP-10 and »« ; 3) as 3' and A as the S pnmer a cDNA coding for 

anti-22 precipitated both bands (FIG. IB). Western blotting f<22-77) was also amplified This segment encodes a frag- 

with anti-IP-10 and anti-22 detected both bands in cells, but ment extending from valine 22 to proline 77 and lacking the 

only the 10 kDa band in the media. 25 signal pq*de and toe last 21 residues of IP-10 but retaining 

In order to precisely define the M r of baculovirus IP-10. «n 4 cysteine residues and approximating the previously 

f(22-98) and f(22-77) were used as molecular weight mark- reported, secreted form of IP-10 O-uster et al 1987). The 



i. These studies demonstrated that f (22-98) and IP-10 



PCR products were restriction digested with Ncol and 



derived from either keratinocytes or baculovirus cloned in the Ncol site of P ET-3d (provided by F. Studier. 

co-migrated at 10.2 kDa. and were recognized by anti-IP-10 30 Brookhaven National Labomories New York) ehmmatmg 

and anti-22. Alternatively. f(22-77) migrated with an appar- all amino acid residues of 010 (Studier et. al.. 1990). and 

ent M of 6.2 kDa. and was recognized by anti-IP-10 but not ^pressing the rIP-10 fragments as nonfusion proteins with 

by anti-22 (FIG. 2). The reactions of antiserum AS522 and *n. added methionine at the amino terminus. The regions 

anti-IP-10 in immunoprecipitations and western blots were adjacent to and including the IP-lOcDNA were sequenced 

identical 35 ^ asl & s ** 1987 > to exclude Pd* and cloning errors. 

Levels of rIP-10 were 5-10 times higher after infection Lysogens BL21(DE3) transformed with recombinant plas- 

with A213 and A221 than after infection with 8555, and ™* ' ln 1 du ^ wlth 0 4 ^ ^opyltoiogalactoside 

were not affected by FCS reaching 9% of the total protein in Studier et al 1990) recombmant f 22-98 was purified 

the supernatant of cells grown in EXCELL-400. Anti-IP-10 et bodl H es . 

and a L blot immunoassay were used topurify rfP-10 from 40 dialysed against Ca/Mg-free PBS. and stored in 1 ml ali- 

supernatants of infected cells, and a major HPLC peak was at -70° C. Protein concentration was measured by dye 

obtained (FIG. 3A) which was a single band on SDS-PAGE blndu, g (Bradford. 1976). 

(FIG. 3B. lanes S, F. H) co-migrating with purified bacterial Sequencing of f(22-98) demonstrated a single amino- 

f(22-98) (FIG. 3B. lane E). The faint bands near the top of terminal sequence of MVPLSRTVROTOISISNQPVN SEQ 

the gels correspond in size to keratins, and were seea in 45 ID NO:7 matching the sequence of secreted IP- 10 (Luster et 

unloaded lanes and in lanes loaded only with sample buffer. al., 1987) with an additional amino-terminal methionine. 

Western blotting confirmed that the purified band repre- The yield of bacterial IP-10 [f(22-98)] was 5 ug/ml of 

sentedrIP- 10. because it reacted with anti-IP- 10 and anti-22 bacterial culture. The sequences of bacterial IP-10 were: 

during all stages of purification (FIG. 2). f(22-98) 

MVT>I^KI^T«:TCISrSNQF\WRSLEKLEnPASQ (SEQ ID NO: 8); 

and f( 22-77) 

MVPI^RTVRCTCISISNQPVNPRSLEKl^nPASQFCPRVrmATWKKGEKRCIJ^P (residues 1-57 of 

SEQ ID NO: 9). 

Armnoterminal sequencing of baculovirus rIP-10 demon- EXAMPLE IV 

strated a major amino terminal sequence of VPLSKTVROT Cq1 s ion b WA0 

SEQ ID NO:4 (66%) and a minor sequence of RTVR0T 60 

SEQ ID NO:5 (34%). both matching the sequence of IP-10 Material and Methods 

secreted by keratinocytes (Luster et al.. 1987). The purified rTFN- , was a gift from Dr G. Garotta (Hoffman-LaRoche. 
baculovirus IP-10 thus appears to be identical to natural Basel Switzerland). Human rMff-la and rMIP-2a were 
IP-10. The amino acid sequence of the major species is gifts of Dr B. Sherry (Picower Institute. Manhasset. N.Y.). 
VPLSRTVRCTCISISNQPVNPRSLEK- 65 Human rGM-CSF, human rIL-3 and human rSLF were gifts 
LFillPASQFCPRVFJIATMKKKGEKRCLNPESKAIKNLL of the Immunex Corporation (Seattle, Wash.). Human rEPO 
KAVSKEMSKRSP (residues 2-78 SEQ ID NO:6. Le. lack- was purchased from Amgen (Thousand Oaks. Calif.), human 
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platelet Factor 4 (FF4) and rIL-8 from Sigma (St Louis, 
Mo.), and human rMCAF from Repro Tech Inc. Rocky Hills. 



Human bone marrow CFU-GM. BFU-E, and CFU- ; 
GEMM of healthy volunteers were assayed as described 
(Broxmeyer et al., 1990; Broxmeyer et. al., 1991; Broxm- 
eyer et. al., 1993). rSLF (50 ng/ml) and other recombinant 
or natural chemokines were added as indicated. Highly 
purified CD-34^ cells (Broxmeyer et al.. 1990; Broxmeyer 1 
et. al., 1993) were plated (500 cell/ml) in the presence of 
rEPO (1 U/ml), rSLF (50 ng/ml). rGM-CSF (100 U/ml) and 
rIL-3 (200 U/ml), and yielded 126+10, 60+10 and 17±5 
CFU-GM, BFU-E and CFU-GEMM per 500 plated cells. , 
respectively. For reversal of inhibition, chemokines were 
pre-incubated with a 4-fold molar excess of affinity purified 
antibodies (anti-IP-10 or anti-22) or with whole serum 
( AS522) in McCoy ' s media at room temperature f or 1 h. The 
mixture was added to human bone marrow cells and CFU- 
GM were assayed in McCoy's media supplemented with 
FCS, rSLF (50 ng/ml) and GM-CSF (100 U/ml). For 
controls, an equal volume of similarly incubated McCoy's 
medium was added to cells. Statistical significance was 
determined with the Student's two-tailed test 
Results 



61 ± 1 (0) 63 ± 2 (+3) 



34 ± 3(-44)* 62 ± l(+2) 61 ± 2(0) 32 ± 2 (-48) 

33 ±2 (-46)* 32 ± 3 (-48)* 37 ± 2 (-39)* 33 ± 2 (-46) 



31 ± 1 (-49)* 34 ± 2 (-44)* 



1 (-41)* 33 ± 2 e*8) 



CFU-GM grown with GM-CSF ( 100 U/ml) and SLF (50 ng/ml) an 
as mean ± 1 SEM per 10 5 plated cells. 
Chemokines were used at 50 ng/ml. 
Purified f(22-98) was the source of rD?-10. 



While the compositions and methods of this invention 
have been described in terms of preferred embodiments, it 
will be apparent to those of skill in the art that variations may 
be applied to the composition, methods and in the steps or 
25 in the sequence of steps of the method described herein 
without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain 
The effect of rIP-10 on colony formation by CFU-GM, agents which are both chemically and physiologically 
BFU-E and CFU-GEMM was evaluated. rDMO (50 and 500 related may be substituted for the agents described herein 
ng/ml) did not affect colony formation by marrow cells 30 wri ile the same or similar results would be achieved. All 
plated in media alone or in the presence of single growth such similar substitutes and modifications apparent to those 
factors (rEPO or rGM-CSF). However, rIP-10 suppressed skilled in the art are deemed to be within the spirit, scope and 
colony formation of CFU-GM stimulated by rGM-CSF and concept of the invention as defined by the appended claims. 
rSLF, and BFU-E and CFU-GEMM stimulated by rEPO and REFERENCES 
rSLF. Concentrations of 1-10 ng/ml were inactive, but there 35 ^ f o ]i 0wm g references, to the extent that they provide 
was a dose dependent inhibition between 25 and 50 ng/ml. exemplary procedural or other details supplementary to 
Maximal inhibition (50-60%) was seen at 50-500 ng/ml of those set forth herein, are specifically incorporated herein by 
rIP-10 (FIG. 4), representing complete suppression of the reference, 
additional CFU-GM and BFU-E or CFU-GEMM colonies An 

generatedby-therespecuveadditionofrSLFtorGM-CSFor 40 Barany G. and RB. Merrifield. 1979 Sohd phase peptide 
?EPO. The dose response was similar to that of rMTP-la, ^thesxs. *Tte ™ * * ^ J " 

rMIP-2a. PF4. tM « ■ rMCAF (Broxmeyer et. al 1991; ."J^^^^^^ *e 
Broxmeyer et al„ 1993) which were assessed in the same quantitatioll of microgram quantities of protein utilizing 
assays. Whereas individual chemokines were inactive at 45 me pliac ipi e of protein-dye binding. Anal Biochem, 
concentrations <10 ng/ml, significant suppression of colony 72:248. 

formation (p<0.01) was seen when 0.01 ng/ml of rIP-10 was Broxmeyer, H. E. B Sherry. S. Cooper. L. Lu, R. Maze, M. 
combined with 0.01 ng/ml of rMIP-la. rMTP-2a. PF4. ' " ' * ' " " ~ * 

rIL-8, or rMCAF. Combinations of 0. 1 ng/ml of rD?- 10 with 
0. 1 ng/ml of any of these chemokines resulted in a 50-60% 50 
inhibition of colony formation by CFU-GM, BFU-E and 
CFU-GEMM (p<0.001). This represented complete inhibi- 
tion of the rSLF-dependent colonies, and could not be 
suppressed further with combination of 50 ng/ml of rIP-10. 



rMIP-la. rMD?-2, PF4. rIL-8. and rMCAF (FIG. 4). In the 55 
presence of rIP- 10 ( 100 ng/ml) colony formation by CD-34 + 
++ cells was inhibited by 77% for CFU-GM (p <0.01). by 
58% for BFU-E (p<0.05). and by 82% for CFU-GEMM 
(P<0.05). a 

The inhibitory activity of rIP-10 but not that of rMIP-la 
or PF4 was neutralized by antibodies raised against whole 
IP-10 (anti-IP-10 and AS522). Antisera raised against the 22 
carboxy-terminal residues of IP-10 (anti-22) did not affect 
the inhibitory activity of rD?-10, rMIP-la. or PF4. These 6 5 
antibodies had no effect on colonies grown in the absence of 
rIP-10 (Table 1). 
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SEQUENCE LISTING 



) GENERAL INFORMATION: 



) INFORMATION FOR SEQ ID NO:i 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 28 base pairs 
( B ) TYPE: nucleic acids 



AOAT CTTTTAGA 



) SEQUENCE CHARACTERISTICS: 



IATCCATGG TTATOGATTC . 
) INFORMATION FOR SEQ ID NO:4: 



< D ) TOPOLOGY: linear 
( i x ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



) INFORMATION FOR SEQ ID 



( i I ) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
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What is claimed is- 9 - A method for inhibitin g ^ P 0 ** of hemato P° ietic 

1. A method for inhibiting the growth of hematopoietic "> progenitor cells in a patient comprising the steps of: 

progenitor cells comprising contacting a population of cells ^ a) preparing a recombinant host cell comprising a recom- 

that include hematopoietic progenitor cells with an effective binant gene segment encoding IP- 10; 

amount of IP- 10. (b) cultjiring said cell under conditions effective to aUow 

rectrr^antSo 15 of Said genC 10 ^ 

^ The method of claim 2, wherein the recombinant IP-10 ( C ) collecting and purifying the recombinant IP-10 so 

comprises f(22-98) IP-10. produced; 

4. The method of claim 1, wherein IP-10 is prepared by (d) rendermg saia recombinant IP-10 pharmacologically 
a process that includes: ^ acceptable; and 

(a) preparing a recombinant host cell comprising a recom- (g) admillistcring sa id pharmacologically acceptable 
binant gene segment encoding IP-10; jp lfJ t0 said pat i eri t in an amount effective to inhibit 

(b) culturing said cell under conditions effective to allow hematopoietic progenitor cells. 

expression of said gene to produce IP-10; and w ^ metno d 0 f claim 9. wherein the IP-10 is produced 

(c) collecting and purifying the IP-10 so produced. 25 from a baculovirus expression vector. 

5. The method of claim 1, wherein the IP-10 is comprised u The method of claim <>, wherein the patient is a human 
in a pharmaceutical composition. cancer patient 

6. The method of claim 5, wherein the pharmaceutical ^ ^ method of claim 9, wherein the patient is admin- 
composition is administered to a human cancer patient ^ t having bonc marrow toxicity. 

7. The method of claim 6, wherein a therapeutically 30 n ^ of claim 12< wh erein the patient is a 
effective amount of an antineoplastic agent havmg bone nt ^ me cancer patient is adm inistered an 
marrow toxicity is administered to the patient, in conjunc- a £ las(ic t having bo nc marrow toxicity. 

tion with administration of the IP-10 pharmaceutical com- R rf ^ 9 fte recornbinant gene 

^TZ improved method for chemotherapy of a cancer 35 ^^^^f^ertin me recombinant gene 

patient employing an antineoplasUc agent havmg bone mar- »ne mc " lw , " . 

SJ toxicity, wherein the inlprovement comprises treating segment encodes full length IP-10. 

said patient with a hematopoietic progenitor cell inhibitory * * * * » 
amount of IP-10. 
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ABSTRACT 



Methods for using modulating agents to enhance or inhibit 
occludin-medialcd cell adhesion in a variety of in vivo and 
in vitro contexts are provided. Within certain embodiments, 
the modulating agents may be used to increase vasoperme- 
ability. The modulating agents comprise at least one occlu- 
din cell adhesion recognition sequence or an antibody or 
fragment thereof that specifically binds the occludin cell 
adhesion recognition sequence. Modulating agents may 
additionally comprise one or more cell adhesion recognition 
sequences recognized by other adhesion molecules. Such 
modulating agents may, but need not, be linked to a targeting 
agent, drug and/or support material. 

9 Claims, 12 Drawing Sheets 
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Fig. 3 A 
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TECHNICAL FIELD 
The present invention relates generally to methods for 
regulating occludin-mediated processes, and more particu- 
larly to the use of modulating agents comprising an occludin 
cl'11 adhesion recognition sequence and or an antibody that 
specifically recognizes such a sequence for inhibiting func- 
tions such as cell adhesion and the formation of tissue 
permeability barriers. 

BACKGROUND OF THE INVENTION 
Cell adhesion is a complex process that is important for 
maintaining tissue integrity and generating physical and 
permeability barriers within the body. All tissues are divided 
into discrete compartments, each of which is composed of a 
specific cell type that adheres to similar cell types. Such 
adhesion triggers the formation of intercellular junctions 
(i.e., readily definable contact sites on the surfaces of 
adjacent cells that are adhering to one another), also known 
as tight junctions, gap junctions, spot desmosomes and belt 
dcsmosomes. The formation of such junctions gives rise to 
physical and permeability barriers that restrict the free 
passage of cells and other biological substances from one 
tissue compartment to another. For example, the blood 
vessels of all tissues are composed of endothelial cells. In 
order for components in the blood to enter a given tissue 
compartment, they must first pass from the lumen of a blood 
vessel through the barrier formed by the endothelial cells of 
that vessel. Similarly, in order for substances to enter the 
body via the gut, the substances must first pass through a 
barrier formed by the epithelial cells of that tissue. To enter 
the blood via the skin, both epithelial and endothelial cell 
layers must be crossed. 

Cell adhesion is mediated by specific cell surface adhe- 
sion molecules (CAMs). There are many different families 
of CAMs, including the immunoglobulin, integrin, selectin 
and cadlicrin superfamilies, and each ceil type expresses a 
unique combination of these molecules. Cadherins are a 
rapidly expanding family of calcium-dependent CAMs 
(Munro et al., In: Cell Adhesion and Invasion in Cancer 
Metastasis, P. Brodt, ed., pp. 1 7-34, R G Landes Co.(Austin 
Tex., 1 996). The cadherins (abbreviated CADs) are mem- 
brane glycoproteins that generally promote cell adhesion 
through homophilic interactions (a CAD on the surface of 
one cell binds to an identical CAD on the surface of another 
cell). Cadherins have been shown to regulate epithelial, 
endothelial, neural and cancer cell adhesion, with different 
CADs expressed on different cell types. For example, N 
(neural) — cadherin is predominantly expressed by neural 
cells, endothelial cells and a variety of cancer cell types. E 
(epithelial) — cadherin is predominantly expressed by epi- 
thelial cells. VE (vascular endothelial) — cadherin is pre- 
dominantly expressed by endothelial cells. Other CADs are 
P (placental) — cadherin, which is found in human skin, and 
R (retinal) — cadherin. A detailed discussion of the cadherins 
is provided in Munro S B et al., 1 996, In: Cell Adhesion and 
Invasion in Cancer Metastasis, P. Brodt, ed., pp. 17-34 (R G 
Landes Company, Austin Tex.) and Lampugnani and 
Dejana, Curr. Opin. Cell Biol. 9:674-682, 1997. 



CAD-mediated cell adhesion n iggers a cascade of events 
that lead to the formation of intercellular junctions, and 
ultimately to the establishment of permeability barriers 
between tissue compartments. The intercellular junction that 
is directly responsible for the creation of permeability bar- 
riers that prevent the diffusion of solutes through paracel- 
lular spaces is known as the tight junction, or zonula 
occlndens (Anderson and van Itallie, Am. .1 Physiol. 
269:G467-G475, 1995; Lampugnani and Dejana, Curr. 
Opin. Cell Biol. 9:674-682, 1997). 

Occludin is a transmembrane component of tight junc- 
trons (Furuse et al., ./. Cell Biol. 123:1777-1788, 1993; 
luruse et al.,./. Cell Sci. 109:429-435. 1996). This protein 
appears to be expressed by all endothelial cell types, as well 
as by most epithelial cell types. Occludin is an integral 

' membrane protein (FIG. 1) that is composed of two extra- 
cellular domains (EC1 and EC2), four hydrophobic domains 
(TM1-TM4) that transverse the plasma membrane, and 
three cytoplasmic domains (C1M-CP3). The structures of all 
known mammalian occludins arc similar (FIG. 2; Ando- 

3 Akatsuka et al.,/. Biol. Chem. 133:43-47, 1996). Occludin 
is believed to be directly involved in cell adhesion and the 
formation of tight junctions (Furuse et al, /. Cell Sci. 
109:429^135, 1996; Chen et al.,/. Cell Biol. 138:891-899, 
1997). It has been proposed that occludin promotes cell 

5 adhesion through homophilic interactions (an occludin on 
the surface of one cell binds to an identical occludin on the 
surface of another cell). A detailed discussion of occludin 
structure and function is provided by Lampugnani and 
Dejana, Curr. Opin. Cell Biol. 9:674-682, 1997. 

5 Although cell adhesion is required for certain normal 
physiological functions, there are situations in which the 
level of cell adhesion is undesirable. For example, many 
pathologies (such as autoimmune diseases and inflammatory 
diseases) involve abnormal cellular adhesion. Cell adhesion 
may also play a role in graft rejection. In such 

' circumstances, modulation of cell adhesion may be desir- 

In addition, permeability barriers arising from cell adhe- 
sion create difficulties for the delivery of drugs to specific 
tissues and tumors within the body. For example, skin 

3 patches are a convenient tool for administering drugs 
through the skin. However, the use of skin patches has been 
limited to small, hydrophobic molecules because of the 
epithelial and endothelial cell barriers. Similarly, endothelial 
cells render the blood capillaries largely impermeable to 

5 drugs, and the blood/brain barrier has hampered the target- 
ing of drugs to the central nervous system. In addition, many 
solid tumors develop internal harriers that limit the delivery 
of anti-tumor drugs and antibodies to inner cells. 

Attempts to facilitate the passage of drugs across such 

3 barriers generally rely on specific receptors or carrier pro- 
teins that transport molecules across barriers in vivo. 
However, such methods are often inefficient, due to low 
endogenous transport rates or to the poor functioning of a 
carrier protein with drugs. While improved efficiency has 

' been achieved using a variety of chemical agents that disrupt 
cell adhesion, such agents are typically associated with 
undesirable side-effects, may require invasive procedures 
for administration and may result in irreversible effects. 
Accordingly, there is a need in the art for compounds that 

5 modulate cell adhesion and improve drug delivery across 
permeability barriers without such disadvantages. The 
present invention fulfills this need and further provides other 
related advantages. 

SUMMARY OF THE INVENTION 



The present invention provides compounds and methods 
for modulating occludin-mediated cell adhesion and the 
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loi malion of permeability I miners. Williiu certain aspects, as described above, in combination with a pharinaccutically 

compounds provided herein comprise an occludin CAR acceptable carrier. Such compositions may further comprise 

sequence, or variant thereof dial retains the ahilitv to modu- a drug. In addition, or alternatively such compositions may 

late occludin-mediated cell adhesion. Certain compounds further comprise one or more of: (a) a peptide comprising a 

are cyclic peptides that comprise the sequence LYHY (SEQ 5 cell adhesion recognition sequence that is bound by an 

IDNO:l). Within certain embodiments, such cyclic peptides adhesion molecule other than an occludin; and/or (b ) an 

have the formula: antibody or antigen-binding fragment thereof that specifi- 
cally binds to a cell adhesion recognition sequence bound by 

(ZJ (Yj) (Xi)-Leu-Tyr-His-Tyi-(X 2 ) — (Y^i (Zj) an adhesion molecule other than an occludin. 

to Within further aspects, methods are provided for modu- 
lating cell adhesion, comprising contacting a cadherin- 
expressing cell with a cell adhesion modulating agent as 

wherein X 1; and X 2 are optional, and if present, are inde- described above. 

pendently selected from the group consisting of amino acid Within one such aspect, the present invention provides 

residues and combinations thereof in which the residues are 15 methods for increasing vasopermeability in a mammal, 

linked by peptide bonds, and wherein Xj and X 2 indepen- comprising administering to a mammal a cell adhesion 

dently range in size from 0 to 10 residues, such that the sum modulating agent as provided above, wherein the modulat- 

of residues contained within X 1 and X 2 ranges from 1 to 12; ing agent inhibits occludin-mediated cell adhesion, 

wherein Y 1 and Y 2 are independently selected from the Within another aspect, methods are provided for reducing 

group consisting of amino acid residues, and wherein a 20 unwanted cellular adhesion in a mammal, comprising 

covalent bond is formed between residues Y x and Y 2 ; and administering to a mammal a cell adhesion modulating agent 

wherein Z 1 and Z, are optional, and if present, are indepen- as provided above, wherein the modulating agent inhibits 

dently selected from the group consisting of amino acid occludin-mediated cell adhesion. 

residues and combinations thereof in which the residues are In yet another aspect, the present invention provides 
linked by peptide bonds. Such cyclic peptides may comprise 25 methods for enhancing the delivery of a drug through the 
modifications such as an N-acetyl or N-alkoxybenzyl group skin of a mammal, comprising contacting epithelial cells of 
and/or a C-terminal amide or ester group. Cyclic peptides a mammal with a cell adhesion modulating agent as pro- 
may be cycli/ed via, for example, a disulfide bond; an amide vided above and a drug, wherein the modulating agent 
bond between terminal functional groups, between residue inhibits occludin-mediated cell adhesion, and wherein the 
side-chains or between one terminal functional group and 30 step of contacting is performed under conditions and for a 
one residue side chain; a thioether bond or OjOj- time sufficient to allow passage of the drug across the 
ditryplophan, or a derivative thereof. epithelial cells. 

Within other embodiments, such compounds may be The present invention further provides methods for 

linear peptides comprising the sequence LYHY (SEQ II) enhancing the delivery of a drug to a tumor in a mammal, 

NO:l) or a variant thereof. Such peptides are preferably 35 comprising administering to a mammal a cell adhesion 

4—30 amino acid residues in length, preferably 5-16 amino modulating agent as provided above and a drug, wherein the 

acid residues, and more preferably 6-9 amino acid residues. modulating agent inhibits occludin-mediated cell adhesion. 

Within further aspects, the present invention provides cell Within further aspects, the present invention provides 

adhesion modulating agents that comprise a cyclic or linear methods for treating cancer in a mammal, comprising 

peptide as described above. Within specific embodiments, 40 administering to a mammal a cell adhesion modulating agent 

such modulating agents may be linked to one or more of a as provided above, wherein the modulating agent inhibits 

targeting agent, a drug, a solid support or support molecule, occludin-mediated cell adhesion. 

or a detectable marker. Within further specific embodiments, The present invention further provides methods for inhib- 

cell adhesion modulating agents are provided that comprise iting angiogenesis in a mammal, comprising administering 

a sequence selected from the group consisting of QYI.Y- -5 to a mammal a cell adhesion modulating agcnl as provided 

HYCVVD (SEQ ID NO:2), YLYHYCVVU (SEQ ID above, wherein the modulating agent inhibits occludin- 

NO:12), LYHYCVVD (SEQ ID NO: 13), QYLYHYC (SEQ mediated cell adhesion. 

ID NO:14), YLYIIYC (SEQ ID NO:15), LYIIYC (SEQ ID Within further aspects, the present invention provides 
NO: 16), QYLYHY (SEQ ID NO:17), YLYHY (SEQ ID methods for enhancing drug delivery to the central nervous 
NO: IS) and derivatives of the foregoing sequences having 50 system of a mammal, comprising administering to a mam- 
one or more C-tcrminal, N-tcrminal and/or side chain modi- mal a cell adhesion modulating agent as provided above, 
fications. wherein the modulating agcnl inhibits occludin-mediated 

Within further related aspects, cell adhesion modulating cell adhesion, 
agents are provided which comprise an antibody or antigen- Within further aspects, methods are provided for modu- 
binding fragment thereof that specifically binds to a cell 55 lating the immune system of a mammal, comprising admin- 
adhesion recognition sequence bound by an occludin. istering to a mammal a modulating agcnl as described above, 

In addition, any of the above cell adhesion modulating wherein the modulating agent inhibits occludin-mediated 

agents may further comprise one or more of: (a) a cell function. 

adhesion recognition sequence that is bound by an adhesion The present invention further provides methods for modu- 

molecule other than an occludin, wherein said cell adhesion 60 lating the formation of epithelial cell tight junctions, com- 

recognilion sequence is separated from any LYHY (SEQ ID prising administering to a mammal a cell adhesion modu- 

NO:l) sequence(s) by a linker; and/or (b) an antibody or lating agent that comprises the sequence LYHY (SEQ ID 

antigen-binding fragment thereof that specifically binds to a NO:l). Within certain embodiments, such modulating 

cell adhesion recognition sequence bound by an adhesion agents may stimulate the formation of epithelial cell tight 

molecule other than an occludin. 65 junctions. 

The present invention further provides pharmaceutical Within other aspects, the present invention provides meth- 

compositions comprising a cell adhesion modulating agent ods for inhibiting the development of diarrhea in a patient, 



comprising administering to a patient a cell adhesion modu- 
lating agent that comprises the sequence LYHY (SEQ ID 
NO:l), wherein the modulating agent stimulates epithelial 
cell adhesion. 

The present invention further provides methods for 5 
enhancing wound healing in a mammal, comprising con- 
tacting a wound in a mammal with a cell adhesion modu- 
lating agent as provided above, wherein the modulating 
agent enhances occludin -mediated cell adhesion. 

Within a related aspect, the present invention provides to 
methods for enhancing adhesion of foreign tissue implanted 
within a mammal, comprising contacting a site of implan- 
tation of foreign tissue in a mammal with a cell adhesion 
modulating agent as provided above, wherein the modulat- 
ing agent enhances occludin-mediated cell adhesion. 15 

The present invention further provides methods for induc- 
ing apoptosis in an occludin-expressing cell, comprising 
contacting an occludin-expressing cell with a cell adhesion 
modulating agent as provided above, wherein the modulat- 
ing agent inhibits occludin-mediated cell adhesion. 20 

The present invention further provides methods for iden- 
tifying an agent capable of modulating occludin-mediated 
cell adhesion. One such method comprises the steps of (a) 
culturing cells that express an occludin in the presence and 
absence of a candidate agent, under conditions and for a time :> 
sufficient to allow cell adhesion; and (b) visually evaluating 
the extent of cell adhesion among the cells. 

Within a no] he r embodiment, such methods may comprise 
the steps of: (a) culturing normal rat kidney cells in the 
presence and absence of a candidate agent, under conditions 30 
and for a time sufficient to allow cell adhesion; and (b) 
comparing the level of cell surface occludin and E-cadherin 
for cells cultured in the presence of candidate agent to the 
level for cells cultured in the absence of candidate agent. 

Within a further embodiment, such methods may com- 35 
prise the steps of: (a) culturing human aortic endothelial 
cells in the presence and absence of a candidate agent, under 
conditions and for a time sufficient to allow cell adhesion; 
and (b) comparing the level of cell surface occludin and 
N-cadherin for cells cultured in the presence of candidate 40 
agent to the level for cells cultured in the absence of 
candidate agent. 

Within yet another embodiment, such methods comprise 
the steps of: (a) contacting an antibody that binds to a 
modulating agent comprising the sequence I.Y1IY (SLiQ II) -5 
NO:l) with a test compound; and (b) detecting the level of 
antibody that binds to the test compound 

The present invention further provides methods for 
detecting the presence of occludin-expressing cells in a 
sample, comprising: (a) contacting a sample with an ant i- sn 
body that binds to an occludin comprising the sequence 
LYHY (SEQ ID NO:f) under conditions and for a time 
sufficient to allow formation of an antibody-occludin com- 
plex; and (b) detecting the level of antibody-occludin 
complex, and therefrom detecting the presence of occludin- 55 
expressing cells in the sample. 

Within further aspects, the present invention provides kits 
for detecting the presence of occludin-expressing cells in a 
sample, comprising: (a) an antibody that binds to a modu- 
lating agent comprising the sequence LYHY (SEQ ID 60 
NO:l); and (b) a detection reagent. 

The present invention further provides, within other 
aspects, kits for enhancing transdermal drag delivery, com- 
prising: (a) a skin patch, and (b) a cell adhesion modulating 
agent, wherein said modulating agent comprises the 65 
sequence LYHY (SEQ ID NO:l), and wherein the modu- 
lating agent inhibits occludin-mediated cell adhesion. 



These and other aspects of the invention will become 
evident upon reference to the following detailed description 
and attached drawings. All references disclosed herein are 
hereby incorporated by reference in their entirety as if each 
were individually noted for incorporation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram depicting the structure of a human 
occludin. The two extracellular domains are designated EC1 
and LC'2, the four hydrophobic domains that tiausvcisc the 
plasma membrane are represented by TM1-TM4, and the 
three cytoplasmic domains are denoted CP1-CP3. The 
occludin cell adhesion recognition sequence, LYHY (Lcu- 
Tyr-His-Tyr; SEQ ID NO:l), along with flanking amino acid 
residues is shown within EC2 and is indicated by •. 

FIG. 2 provides the amino acid sequences of mammalian 
occludin EC2 domains: human (SEQ ID NO:5), mouse 
(SEQ ID NO:6), dog (SEQ ID NO:7), and rat-kangaroo 
(SEQ ID NO:8), as indicated, along with the consensus 
sequence obtained using a Clustal W protein sequence 
alignment. The occludin cell adhesion recognition sequence, 
LYHY (Lcu-Tyr-His-Tyr; SEQ ID NO:l), along with flank- 
ing amino acid residues is shown in bold. 

FIGS. 3A-3D provide the structures of representative 
cyclic peptide modulating agents. 

FIGS. 4A and 4B are immunofluorescence photographs of 
monolayer cultures of human aortic endothelial cells immu- 
nolabeled for occludin (red color) and VE-cadherin (green 
color). Colocalization of occludin and VE-cadherin is indi- 
cated by the yellow color. Arrows indicate gaps between the 
cells. The cells were either not treated (FIG. 4A), or exposed 
for 1 hour to 100 ^g/ml H-QYLYHYCVVD-OH (SEQ ID 
NO:2; FIG. 4B). 

FIG. 5 is a photograph of the shaved back of a rat that 
received duplicate subdermal injections of cither phosphate 
buffered saline, phosphate buffered saline containing acetyl- 
QYLYHYCVVD-NH 2 (SEQ ID NO:2; Peptide 1) 
H-QYLYHYCVVD-NH, (SEQ ID NO:2; Peptide 2), or 
H-QYLYHYCVVD-OH (SEQ ID NO:2; Peptide 3) at a 
concentration of 100 /fg/ml, followed 15 minutes later by a 
single injection of Evans blue into the tail vein. The pho- 
tograph was taken 15 minutes after injection of the dye. 

FIG. 6 is a histogram depicting the optical densities of 
dimethylformamide extracts prepared from the excised 
injection sites shown in FIG. 5, and showing that more dye 
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H-QYLYHYCVVD-OH (SEQ ID NO:2; Peptide 3), than 
from sites injected with either phosphate buffered saline, 
acetyl-QYLYHYCVVD-NH, (SEQ ID NO:2; Peptide 1) or 
H-QYLYHYCVVD-NH 2 (SEQ ID NO:2; Peptide 2). 

FIG. 7 is a photograph of the shaved back of a rat that 
received duplicate subdermal injections of either phosphate 
buffered saline, phosphate buffered saline containing acetyl- 
CLYHYC-NH 2 (SEQ ID NO: 3; Peptide 4), or H- 
CLYHYC -OH (SEQ ID NO:3; Peptide 5) at a concentration 
of 100 /(g/ml, followed 15 minutes later by a single injection 
of Evans blue into the tail vein. The photograph was taken 
15 minutes after injection of the dye. 

FIG. 8 is a histogram depicting the optical densities of 
dimethylformamide extracts prepared from the excised sites 
of the shaved back of a rat that received duplicate subdermal 
injections of either phosphate buffered saline, phosphate 
buffered saline containing acetyl-CLYHYC-NH 2 (SEQ ID 
NO:3; Peptide 4), or H- CLYHYC -OH (SEQ ID NO:3; 
Peptide 5) at a concentration of 100 fig ml, followed 15 
minutes later by a single injection of Evans blue into the tail 



FIG. 9 is a histogram depicting the mean electrical 
resistance across MDCK cell monolayers cultured for 24 
hours in medium alone (Control), or medium containing 
H-QYLYHYCVVD-NH, (Peptide 2), H-QYLYHYCWD- 
COOH (Peptide 3) or N-Ac- CLYHYC -NH 2 (Peptide 4) at a : 
concentration of 0.5 mg/ml. Duplicate measurements were 
taken, and error bars represent the standard deviation. 



As noted above, the present invention provides cell adhe- 
sion modulating agents comprising peptides that are capable 
of modulating occludin-mediated processes, such as cell 
adhesion. In general, to modulate occludin-mediated cell 
adhesion, an occludin-expressing cell is contacted with a 15 
cull adhesion modulating agent (also referred to herein as a 
"modulating agent") either in vivo or in vitro. It has been 
found, within the context of the present invention, that the 
second extracellular domain (EC2) of occludin contains a 
CAR sequence that promotes the formation of permeability 20 
barriers. Accordingly, a modulating agent may comprise at 
least one peptide (which may, but need not, be cyclic) that 
contains an occludin cell adhesion recognition (CAR) 
sequence and/or an antibody or fragment thereof that spe- 
cifically binds to an occludin CAR sequence. In humans and 25 
certain other mammals, the CAR sequence is LYHY (Leu- 
Tyr-His-Tyr; SEQ ID NO:l; see FIG. 2 and SEQ ID 
NOs:5-8). However, the present invention further contem- 
plates occludin CAR sequences from other organisms. Such 
CAR sequences may be identified based upon sequence 30 
similarity to the sequences provided herein, and the ability 
to modulate an occludin-mediated function may be con- 
firmee! as described herein. A modulating agent may further 
comprise one or more additional CAR sequences and/or 
antibodies (or antigen-binding fragments thereof) that spe- 35 
ciflcally bind to an occludin CAR sequence. Alternatively, or 
in addition, a modulating agent may further comprise one or 
more CAR sequences for a CAM other than an occludin 
and/or an antibody or antigen-binding fragment thereof that 
specifically binds to such a CAM. 

Certain modulating agents described herein inhibit cell 
adhesion. Such mnclulaling agents may generally he used, 
for example, to treat diseases or other conditions character- 
ized by undesirable cell adhesion or to facilitate drug 
delivery to a specific I issue or tumor. Within other aspects of 
the present invention, certain modulating agents may be 
used to enhance cell adhesion (e.g., to supplement or replace 
stitches or to facilitate wound healing). Certain modulating 
agents provided herein have the ability to stimulate the 
formation of tight junctions in epithelial cells, but not in 
endothelial cells. Such agents may be used, for example, for 
treating diarrhea. 

CELL ADHESION MODULATING AGENTS 
The term "cell adhesion modulating agent," as used 
herein, refers to a molecule comprising at least one of the 
following components: 

(a) a linear or cyclic peptide sequence that is at least 50% 
identical to an occludin CAR sequence (i.e., an occludin 60 
CAR sequence or an analogue thereof that retains at least 
50% sequence identity); 

(b) a mimetic (e.g., peptidomimetic or small molecule 
mimic) of an occludin CAR sequence; 

(c) a substance, such as an antibody or antigen-binding 65 
fragment thereof, that specifically binds an occludin CAR 
sequence; and/or 



(d) a polynucleotide encoding a polypeptide that com- 
prises an occludin CAR sequence or analogue thereof. 

A modulating agent may consist entirely of one or more 
of the above elements, or may additionally comprise further 
peptide and/or non-peptide regions. Additional peptide or 
polynucleotide regions may be derived from occludin 
(preferably an extracellular domain that comprises a CAR 
sequence) and/or may be heterologous. Certain modulating 
agents comprise the occludin CAR sequence LYHY (SEQ 
ID NO:l) or an analogue thereof. Within certain preferred 
embodiments, such a modulating agent contains A 3(1 con- 
secutive amino acid residues, preferably 5-L6 consecutive 
amino acid residues and more preferably 6-9 consecutive 
amino acid residues, present within an occludin. 

An "occludin CAR sequence," as used herein, refers to an 
amino acid sequence that is present within in a naturally 
occurring occludin and that is capable of detectably modu- 
lating an occludin-mediated function, such as cell adhesion, 
as described herein. In other weirds, contacting an occludin- 
expressing cell with a peptide comprising a CAR sequence 
results in a detectable change in an occludin-mediated 
function using at least one of the representative assays 
provided herein. CAR sequences may be of any length, but 
generally comprise 4—16 amino acid residues, and prefer- 
ably 5-8 amino acid residues. As noted above, the four 
amino acid sequence LYHY (SEQ ID NOT) is an occludin 
CAR sequence. 

As an alternative to comprising a native occludin CAR 
sequence, modulating agents as described herein may com- 
prise an analogue or mimetic of an occludin CAR sequence. 
Within the specific embodiments described herein, it should 
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tuted for a native CAR sequence within any modulating 
agent. An analogue generally retains at least 50% identity to 
a native occludin CAR sequence, and modulates an 
occludin-mediated function as described herein. Such ana- 
logues preferably contain at least three residues of, and more 
preferably at least five residues of, an occludin CAR 
sequence. An analogue may contain any of a variety of 
amino acid substitutions, additions, deletions and/or modi- 
fications (e.g., side chain modifications). Preferred amino 
acid substitutions arc conservative. A "conservative substi- 
tution" is one in which an amino acid is substituted for 
another amino acid that has similar properties, such that one 
skilled in the art of peptide chemistry would expect the 
secondary structure and hydropathic nature of the polypep- 
tide to be substantially unchanged. Amino acid substitutions 
may generally be made on the basis of similarity in polarity, 
charge, solubility, hydrophohicity, hydrophilicity and/or the 
amphipathic nature of the residues. For example, negatively 
charged amino acids include aspartic acid and glutamic acid; 
positively charged amino acids include lysine and arginine; 
and amino acids with uncharged polar head groups having 
similar hydrophilicity values include leucine, isoleucine and 
valine; glycine and alanine; asparagine and glutamine; and 
serine, threonine, phenylalanine and tyrosine. Other groups 
of amino acids that may represent conservative changes 
include: (1) ala, pro, gly, glu, asp, gin, asn, ser, thr; (2) cys, 
ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg, his; 
and (5) phe, tyr, trp, his The critical determining feature of 
an occludin CAR sequence analogue is the ability to modu- 
late an occludin-mediated function, which may be evaluated 
using the representative assays provided herein. 

A mimetic is a non-peptidyl compound that is conforma- 
tionally similar to an occludin CAR sequence, such that it 
modulates an occludin-mediated function as described 
below. Such mimetic-, may be designed based on techniques 



thai evaluate the three dimensii mkiI structure ul 1 be peptide. 
For example, Nuclear Magnetic Resonance spectroscopy 
(NMR) and computational techniques may be used to deter- 
mine the conformation of an occludin ( AR sequence. NMR 
is widely used lor structural analyses of both peptrdyl and 5 
non-peptidyl compounds. Nuclear Overhauser Enhance- 
ments (NOE's), coupling constants and chemical shifts 
depend on the conformation of a compound. NOE data 
provides the interproton distance between protons through 
space and can be used to calculate the lowest energy ln 
conformation for the occludin CAR sequence. This infor- 
mation can then be used to design mimetics of the preferred 
conformation. Linear peptides in solution exist in many 
conformations. By using conformational restriction tech- 
niques it is possible to fix the peptide in the active confor- 15 
mation. Conformational restriction can be achieved by i) 
introduction of an alkyl group such as a methyl which 
slcrically restricts free bund rotation; ii) introduction of 
unsaturation which fixes the relative positions of the termi- 
nal and geminal substituents; and/or iii) cyclization, which 2Q 
fixes the relative positions of the sidechains. Mimetics may 
be synthesized where one or more of the amide linkages has 
been replaced by isosteres, substituents or groups which 
have the same size or volume such as — CILNII— , 
— CSNH— , — CH 2 S— , — CH=CH— , — CH 2 CH 2 — , , 5 
— CONMe — and others. These backbone amide linkages 
can also be part of a ring structure (e.g., lactam). Mimetics 
may be designed where one or more of the side chain 
functionalities of the occludin CAR sequence are replaced 
by groups that do not necessarily have the same size or 30 
volume, but have similar chemical and/or physical proper- 
ties which produce similar biological responses. Other 
mimetics may be small molecule mimics, which may be 
readily identified from small molecule libraries, based on the 
three-dimensional structure of the CAR sequence. It should 35 
be understood that, within embodiments described below, an 
analogue or mimetic may he substituted for an occludin 
CAR sequence. 

A portion of a modulating agent that comprises an occlu- 
din CAR sequence, or analogue or mimetic thereof, may be 40 
a linear or cyclic peptide. The term "cyclic peptide," as used 
herein, refers to a peptide or salt thereof that comprises (1) 
an intramolecular covalent bond between two non-adjacent 
residues and (2) at least one occludin CAR sequence. The 
intramolecular bond may be a backbone to backbone, side- 45 
chain to backbone 01 side-chain to side-chain bond (i.e., 
terminal functional groups of a linear peptide and or side 
chain functional groups of a terminal or interior residue may 
be linked to achieve cyclization). Preferred intramolecular 
bonds include, but are not limited to, disulfide, amide and 50 
thioether bonds. 

In addition to one or more of the above components, a 
modulating agent may comprise one or more additional 
CAR sequences, which may or may not be occludin CAR 
sequences, and or one or more antibodies or fragments 55 
thereof that specifically recognize a CAR sequence. Addi- 
tional CAR sequences may be present within a cyclic 
peptide containing an occludin CAR sequence, within a 
separate cyclic peptide component of the modulating agent 
and or in a non-cyclic portion of the modulating agent. 60 
Antibodies and antigen-binding fragments thereof are typi- 
cally present in a non-cyclic portion of the modulating agent. 

Within certain embodiments in which inhibition of cell 
adhesion is desired, a modulating agent may contain one 
occludin CAR sequence or analogue thereof. Alternatively, 65 
such an agent may comprise multiple occludin CAR 
sequences, which may be adjacent to one another (i.e., 
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without intervening sequences) or in close proximity (i.e., 
separated by peptide and/or non-peptide linkers to give a 
distance between the CAR sequences that ranges from about 
0.1 to 400 nm). For example, a modulating agent with 
adjacent LYHY sequences may comprise the peptide LYHY- 
LYHY (SEQ ID NO: 9). A representative modulating agent 
with LYHY sequences in close proximity may comprise the 
sequence QLYHYQLYHYQLYHY (SEQ ID NO:10). One 
or more antibodies, or fragments thereof, may similarly be 
used within such embodiments, either alone or in combina- 
tion with one or more CAR sequences. 

In certain embodiments, a modulating agent as described 
above may enhance cell adhesion among epithelial cells, but 
not among endothelial cells. It has been found, within the 
context of the present invention, that certain modulating 
agents comprising an LYHY sequence affect endothelial and 
epithelial cells differently, stimulating the formation of tight 
junctions in epithelial cells. Such agents include 
H-QYLYHYCVVD-COOH (SEQ ID NO:2) and N-Ac- 
CLYHYC -NH 2 (SEQ ID NO:3). Terminal functional groups 
may influence the activity of peptide modulating aeents in 
epithelial and endothelial cells. 

Within other embodiments in which enhancement of cell 
adhesion is desired, a modulating agent may generally 
contain multiple occludin CAR sequences and/or antibodies 
that specifically bind to such sequences, joined by linkers as 
described above. Enhancement of cell adhesion may also be 
achieved by attachment of multiple modulating agents to a 
support molecule or material, as discussed further below, 

A modulating agent as described herein may additionally 
comprise a CAR sequence for one or more different adhe- 
sion molecules (including, but not limited to, other CAMs) 
and/or one or more antibodies or fragments thereof that bind 
to such sequences. Linkers may, but need not, be used to 
separate such CAR sequence(s) and/or antibody sequence(s) 
from the I .YI IY sequencers) and or each other. Such modu- 
lating agents may generally be used within methods in 

w hich it is desirable to simultaneously disrupt cell adhesion 
mediated by multiple adhesion molecules. As used herein, 
an "adhesion molecule" is any molecule that mediates cell 
adhesion via a receptor on the cell's surface. Adhesion 
molecules include classical cadherins; atypical cadherins 
such as cadherin-11 (OB cadherin), cadherin-5 (VE- 
cadherin), cadherin-6 (K-cadherin), cadherin-7, cadherin-8, 
cadherin-12 ( Ur-cadherin. cadherin- 14, cadherin- 1 5, and 
PB-cadherin; other nonclassical cadherins such as desmo- 
collins (dsc) and dcsmogleins (dsg); claudin; intcgrins; and 
members of the immunoglobulin supergene family, such as 
N-CAM and PECAM). Preferred CAR sequences for inclu- 
sion within a modulating agent include: (a) Ilis-Ala-Val 
(IIAV), which is bound by classical cadherins; lb) Arg-tily- 
Asp (ROD), which is bound by integrins (see Cardarelli et 
al., J. Biol. Chem. 267:23159-23164, 1992); (c) KYS- 
FNYDGSE (SEQ ID NO:ll), which is bound by N-CAM; 
(d) claudin CAR sequences comprising at least four con- 
secutive amino acids present within a claudin region that has 
the formula: Trp-Lys/Arg-Aaa-Baa-Ser/Ala-Tyr/Phe-Caa- 
Gly (SEQ ID NO:47), wherein Aaa, Baa and Caa indicate 
independently selected amino acid residues; Lys/Arg is an 
amino acid that is lysine or arginine; Ser/Ala is an amino 
acid that is serine or alanine; and Tyr/Phe is an amino acid 
that is tyrosine or phenylalanine; and (e) nonclassical cad- 
herin CAR sequences comprising at leasi three consecutive 
amino acids present within a nonclassical cadherin region 
that has the formula: Aaa-Phe-Baa-Ile/Leu/Val-Asp/Asn/ 
Glu-Caa-Daa-Ser/Thr/Asn-Gly (SEQ ID NO:48), wherein 
Aaa, Baa, Caa and Daa are independently selected amino 
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acid residues; Ile/Leu/Val is an amino acid that is selected 
from the group consisting of isoleucine, leucine and valine, 
Asp/Asn/Glu is an amino acid that is selected from the group 
consisting of aspartate, asparagine and glutamate; and Ser 
Thr/Asn is an amino acid that is selected from the group 
consisting of serine, threonine or asparagine. Representative 
claudin CAR sequences include IYSY (SEQ ID NO:49), 
TSSY (SEQ ID NO:50), VTAF (SEQ ID NO:51) and VSAF 
(SEQ ID NO:52). Representative nonclassical cadherin 
CAR sequences include the VE-cadherin CAR sequence 
DAE; the OB-cadherin CAR sequences DDK, EEY and 
EAQ; the dsg CAR sequences NQK, NRN and NKD and the 
dsc CAR sequences EKD and ERD. 

A linker may be any molecule (including peptide and/or 
non-peptide sequences as well as single amino acids or other 
molecules), that does not contain a CAR sequence and that 
can be covalently linked to at least two peptide sequences. 
Using a linker, LYHY (SEQ ID NO:l)-containing peptides 
and other peptide or protein sequences may be joined 
head-to-tail (i.e., the linker may be covalently attached to the 
carboxyl or amino group of each peptide sequence), head- 
to-side chain and/or tail-to-side chain. Modulating agents 
comprising one or more linkers may form linear or branched 
structures. Within one embodiment, modulating agents hav- 
ing a branched structure comprise three different CAR 
sequences, such as RGD, LYHY (SEQ ID NO:l) and HAV. 
Within another embodiment, modulating agents having a 
branched structure may comprise, for example, LYHY (SEQ 
ID NO:l), along with one or more of a claudin CAR 
sequence; a VE-cadherin CAR sequence; a dsg CAR 
sequence and/or a dsc CAR sequence. Linkers preferably 
produce a distance between CAR sequences between 0.1 to 
10,000 nm, more preferably about 0.1^100 nm. Aseparation 
distance between recognition sites may generally be deter- 
mined according to the desired function of the modulating 
agent. For inhibitors of cell adhesion, the linker distance 
should be small (0.1-400 nm). For enhancers of cell 
adhesion, the linker distance should be 400-10,000 nm. One 
linker that can be used for such purposes is (II 2 N(CII 2 ) 
„C0 2 H) m , or derivatives thereof, where n ranges from f to 
10 and m ranges from 1 to 4000. For example, if glycine 
(H 2 NCH 2 C0 2 H) or a multimcr thereof is used as a linker, 
each glycine unit corresponds to a linking distance of 2.45 
angstroms, or 0.245 nm, as determined by calculation of its 
lowest energy conformation when linked to other amino 
acids using molecular modeling techniques. Similarly, ami- 
nopropanoic acid corresponds to a linking distance of 3.73 
angstroms, aminobutanoic acid to 4.96 angstroms, amino- 
pentanoic acid to 6.30 angstroms and amino hexanoic acid 
to 6.12 angstroms. Other linkers that may be used will be 
apparent to those of ordinary skill in the art and include, for 
example, linkers based on repeat units of 2,3- 
diaminopropanoic acid, lysine and/or ornithine. 2,3- 
Diaminopropanoie acid can provide a linking distance of 
either 2.51 or 3.11 angstroms depending on whether the 
side-chain amino or terminal amino is used in the linkage. 
Similarly, lysine can provide linking distances of either 2.44 
or 6.95 angstroms and ornithine 2.44 or 5.61 angstroms. 
Feptide and non-peptide linkers may generally be incorpo- 
rated into a modulating igent using any appropriate method 
known in the art. 

The total number of CAR sequences (including occludin 
CAR sequence(s), with or without other CAR sequences 
derived from one or more adhesion molecules) present 
within a modulating agent may range from 1 to a large 
number, such as 100, preferably from f to 10, and more 
preferably from 1 to 5. Peptide modulating agents compris- 
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ing multiple CAR sequences typically contain from 4 to 
about 1000 amino acid residues, preferably from 4 to 50 
residues. When non-peptide linkers are employed, each 
CAR sequence of the modulating agent is present within a 

5 peptide that generally ranges in size from 4 to 50 residues in 
length, preferably from 4 to 25 residues, more preferably 
from 4 to 16 residues and still more preferably from 4 to 15 
residues. Additional residue(s) that may be present on the 
N-terminal and/or C-terminal side of a CAR sequence may 

to be derived from sequences that flank the LYHY sequence 
within naturally occurring occludins with or without amino 
acid substitutions and/or other modifications. Flanking 
sequences for mammalian occludins are shown in FIG. 2, 
and in SEQ ID NOs:5-8. Alternatively, additional residues 

15 present on one or both sides of the CAR sequence(s) may be 
unrelated to an endogenous sequence (e.g., residues that 
facilitate purification or other manipulation and/or residues 
having a targeting or other function). 

A modulating agent may contain sequences that flank the 

20 occludin CAR sequence on one or both sides, to enhance 
potency or specificity. A suitable flanking sequence for 
enhancing potency includes, but is not limited to, an endog- 
enous sequence present in an occludin (shown in, for 
example, FIG. 2). 

To facilitate the preparation of modulating agents having 
a desired potency, nuclear magnetic resonance (NMR) and 
computational techniques may be used to determine the 
conformation of a peptide that confers a known potency. 

3Q NMR is widely used for structural analysis of molecules. 
Cross-peak intensities in nuclear Overhauser enhancement 
(NOE) spectra, coupling constants and chemical shifts 
depend on the conformation of a compound. NOE data 
provide the interproton distance between protons through 

35 space. This information may be used to facilitate calculation 
of the lowest energy conformation for the LYHY (SLQ II) 
NO:l) sequence. Conformation may then be correlated with 
(issue specificity to permit the identification of peptides that 
are similarly tissue specific or have enhanced tissue speci- 

Modulating agents may be polypeptides or salts thereof, 
containing only amino acid residues linked by peptide 
bonds, or may contain non-peptide regions, such as linkers. 
Peptide regions of a modulating agent may comprise resi- 

45 dues of L-amino acids, D-amino acids, or any combination 
thereof. Amino aeids may he from natural or nou-uatutal 
sources, provided that at least one amino group and at least 
one carboxyl group are present in the molecule; a- and 
P-amino acids are generally preferred. The 20 I .-amino acids 

50 commonly found in proteins are identified herein by the 
conventional three-letter or one-letter abbreviations indi- 
cated in Table 1, and the corresponding D-amino acids are 
designated by a lower case one letter symbol. 
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TABLE 1 -continued 
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A modulating agent may also contain rare amino acids 
(such as 4-hydroxyproline or hydroxylysine), organic acids 
or amides and/or derivatives of common amino acids, such 
as amino acids having the ('-terminal carboxylate cstciilicd 
(e.g., benzyl, methyl or ethyl ester) or amidated and/or 
having modifications of the N-terminal amino group (e.g., 
acetylation or alkoxycarbonylation), with or without any of 
a wide variety of side-chain modifications and/or substitu- 
tions (e.g., methylation, benzylation, t-butylation, 
losylalion, alkiixycarbonylalinn, and the like) Preferred 
derivatives include amino acids having a C-terminal amide 
group. Residues other than common amino acids that may be 
present with a modulating agent include, but are not limited 
to, 2-mercaptoaniline, 2-mercaptoproline, ornithine, diami- 
nobutyric acid, a-aminoadipic acid, m-aminomethylbenzoic 
acid and u.|!-diaminopropionic acid. 

Certain preferred modulating agents for use within the 
present invention comprise at least one of the following 
sequences: QYLYHYCVVD (SEQ ID NO:2), YLYHY- 
CVVD (SEQ ID NO:12), LYHYCVVD (SEQ ID NO:13), 
QYLYHYC (SEQ ID NO: 14), YLYHYC (SEQ ID NO:15), 
TYHYC (SEQ ID NO:16), QYIYHY (SEQ ID NO:17), 
YLYHY (SEQ ID NO:18), and/or LYHY (SEQ ID NO:l), 
wherein each amino acid residue may, but need not, be 
modified as described above. Within other embodiments, a 
modulating agent may comprise a cyclic peptide of one of 
the following sequences: CLYHYC (SEQ ID NO:3), 
CYLYHYC (SEQ ID NO:40), COYLYHYC (SEO ID 
NO:41), KQYLYHYD (SEQ ID NO:42), YLYHY tSEQ ID 
NO:43), O YLYHY (SEQ ID NO:44) or KLYHYD (SEQ ID 
NO:45). Modulating agents comprising derivatives of any of 
the sequences recited herein (i.e., sequences having one or 
more C-terminal. N-terminal and/or side chain 
modifications) are also encompassed by the present inven- 

Peplide modulating agents (and peptide portions of modu- 
lating agents) as described herein may be synthesized by 
methods well known in the art, including chemical synthesis 
and recombinant DNA methods. For modulating agents up 
to about 50 residues in length, chemical synthesis may be 
performed using standard solution or solid phase peptide 
synthesis techniques, in which a peptide linkage occurs . 
through the direct condensation of the a-amino group of one 
amino acid with the a-carboxy group of the other amino acid 
with the elimination of a water molecule. Peptide bond 
synthesis by direct condensation, as formulated above, 
requires suppression of the reactive character of the amino 
group of the first and of the carboxyl group of the second 
amino acid. The masking substituents must permit their 
ready removal, without inducing breakdown of the labile 
peptide molecule. 

In solution phase synthesis, a wide variety of coupling 
methods and protecting groups may be used (see Gross and 
Meienhofer, eds., "The Peptides: Analysis, Synthesis, 
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Biology," Vol. 1-A (Academic Press, 1979); Bodansky and 
Bodansky, "The Practice of Peptide Synthesis," 2d ed. 
(Springer Verlag, 1994)). In addition, intermediate purifica- 
tion and linear scale up are possible. Those of ordinary skill 
in the art will appreciate that solution synthesis requires 
consideration of main chain and stele chain protecting groups 
and activation method. In addition, careful segment selec- 
tion is necessary to minimize racemization during segment 
condensation. Solubility considerations are also a factor. 

, Solid phase peptide synthesis uses an insoluble polymer 
forsupport during organic synthesis. The polymer-supported 
peptide chain permits the use of simple washing and filtra- 
tion steps instead of laborious purifications at intermediate 
steps. Solid-phase peptide synthesis may generally be per- 
formed according to the method of Merrifield et al., J. Am. 

' Chem. Soc. 85:2149, 1963, which involves assembling a 
linear peptide chain on a resin support using protected amino 
acids. Solid phase peptide synthesis typically utilizes either 
the Boc or Fmoc strategy. The Boc strategy uses a 1% 
cross-linked polystyrene resin. The standard protecting 

i group for a-amino functions is the tert-butyloxycarbonyl 
(Boc) group. This group can be removed with dilute solu- 
tions of strong acids such as 25% trifluoroacetic acid (TFA). 
The next Boc-amino acid is typically coupled to the amino 
acyl resin using dicyclohexylcarbodiimide (DCC). Follow- 
ing completion of the assembly, the peptide-resin is treated 
with anhydrous HF to cleave the benzyl ester link and 
liberate the free peptide. Side-chain functional groups are 
usually blocked during synthesis by benzyl-derived block- 
ing groups, which are also cleaved by HF. The free peptide 

3 is then extracted from the resin with a suitable solvent, 
purified and characterized. Newly synthesized peptides can 
be purified, for example, by gel filtration, HPLC, partition 
chromatography and/or ion-exchange chromatography, and 
may be characterized by, for example, mass spectrometry or 

; amino acid sequence analysis. In the Boc strategy, 
C-terminal amidated peptides can be obtained using ben- 
zhydrylamine or methylbenzhydrylamine resins, which 
yield peptide amides directly upon cleavage with HF. 

In l he procedures discussed above, the selectivity of the 

3 side-chain blocking groups and of the peptide-resin link 
depends upon the differences in the rate of acidolytic cleav- 
age. Orthoganol systems have been introduced in which the 
side-chain blocking groups and the peptide-resin link are 
completely stable to the reagent used to remove the 

5 ct-protecting group at each step of the synthesis. The most 

9-iluorenylmethyloxycarbonyl (Fmoc) approach. Within 
this method, the side-chain protecting groups and the 
peptide-resin link are completely stable to the secondary 

3 amines used for cleaving the N-a-Fmoc group. 'Die side- 
chain protection and the peptide-resin link are cleaved by 
mild acidolysis. The repeated contact with base makes the 
Merrifield resin unsuitable for Fmoc chemistry, and 
p-alkoxybenzyl esters linked to the resin are generally used. 

5 Dcprotcction and cleavage arc generally accomplished using 
TFA. 

Those of ordinary skill in the art will recognize that, in 
solid phase synthesis, deprotection and coupling reactions 
must go to completion and the side-chain blocking groups 

j must be stable throughout the entire synthesis. In addition, 
solid phase synthesis is generally most suitable when pep- 
tides are to be made on a small scale. 

N-acetylation of the N-terminal residue can be accom- 
plished by reacting the final peptide with acetic anhydride 

5 beft ire cleavage from the resin. C-amidation may be accom- 
plished using an appropriate resin such as methylbenzhy- 
drylamine resin using the Boc technology. 



( group (e.g., the 6-residue ring N-Ac- CLYHYC -NH 2 (SEQ 
ID NO:3). Within the context of the present 
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For longer modulating agents, recombinant methods are In addition to the CAR sequence(s), cyclic peptides 

preferred for synthesis. Within such methods, all or part of generally comprise at least one additional residue, such that 

a modulating agent can be synthesized in Irvine cells, using the size of the cyclic peptide ring ranges from 5 to about 15 

any of a variety of expression vectors known to those of residues, preferably from 5 to fO residues. Such additional 

ordinary skill in the art to be appropriate for the particular 5 residue(s) may be present on the N-terminal and/or 

host cell. Suitable host cells may include bacteria, yeast C-terminal side of a CAR sequence, and may be derived 

cells, mammalian cells, insect cells, plant cells, algae and from sequences that flank the endogenous occludin CAR 

other animal cells (e.g., hybridoma, CHO, myeloma). The sequence with or without amino acid substitutions and/or 

DNA sequences expressed in this manner may encode other modifications. Alternatively, additional residues 

portions of an endogenous occludin or other adhesion mol- 10 present on one or both sides of the CAR sequence(s) may be 

ecule. Such sequences may be prepared based on known unrelated to an endogenous sequence (e.g., residues that 

cDNA or genomic sequences (see Blaschuk et al., J. Mol. facilitate cyclization). 

Biol. 2ff:679-682, f990), or from sequences isolated by withjn C6rtain preferred embodiments, as discussed 

screening an appropriate library with probes designed based J5 bdow> relatively small cyclic pe p tides that do not contain 

on known occludin sequences. Such screens may generally significant sequences flanking the LYIIY sequence are pre- 

be , performed as described m Sambrook et al., Molecular fcned for modulatine I i I liated cell adhesion. Such 

C/i/iiIivj: A Laboratory Minimi!, (old Spnnu Harbor . , . " xr . . 

T f . . y TT .... £ ° , , peptides may contain an N-acct\l m'oup and a ( -amide 

Laboratories, ( old Spring Harbor, N.Y., 1 989 (and reler- - ■ ' ' 
ences cited therein). Polymerase chain reaction (PCR) may 
also be employed, using oligonucleotide primers in methods 

well known in the art, to isolate nucleic acid molecules underlined peptide sequences indicate cyclic peptides 

encoding all or a portion of an endogenous adhesion mol- wherein the cyclization is performed by any suitable method 

ecule. To generate a nucleic acid molecule encoding a as provided herein. 

desired modulating agent, an endogenous occludin sequence 25 Within other preferred embodiments, a cyclic peptide may 

may be modified using well known techniques. For example, contain sequences that flank the LYHY (SEQ ID NO:l) 

portions encoding one or more CAR sequences may be sequence in a native occludin molecule on one or both sides, 

joined, with or without separation by nucleic acid regions Such sequences may result in increased potency. Suitable 

encoding linkers, as discussed above. Alternatively, portions flanking sequences include, but are not limited to, the 

of the desired nucleic acid sequences may be synthesized " endogenous sequence present in naturally occurring occlu- 

using well known techniques, and then ligated together to din. To facilitate the preparation of cyclic peptides having 

form a sequence encoding the modulating agent increased potency, nuclear magnetic resonance (NMR) and 

As noted above, a modulating agent may comprise one or computational techniques may be used to determine the 

more cyclic peptides. Such cyclic peptides may contain only 35 conformation of a peptide that confers increased potency, as 

one CAR sequence, or may additionally contain one or more described above. 

other adhesion molecule binding sites, which may or may Cyclic peptides as described herein may comprise resi- 

not be CARs. Such additional sequences may be separated dues of L-amino acids. D-amino acids, or any combination 

by a linker (i.e., one or more peptides not derived from a thereof. Acyclic peptide may also contain one or more rare 

CAR sequence or other adhesion molecule binding site, as " amino acids (such as 4-livdioxyproliiie or hydroxylysiuc), 

described previously). Within one such embodiment, a organic acids or amides and/or derivatives of common 

modulating agent comprises a cyclic pepiide containing two amino acids, such as amino acids having the C-terminal 

LYHY (SEQ ID NO:f) sequences. Within another carboxylate esterilied (e.g., benzyl, methyl or ethyl ester) or 

embodiment, a cyclic peptide contains one LYHY (SEQ ID 45 amidated and/or having modifications of the N-terminal 

NO:f) and one CAR sequence recognized by a different ammo group (e.g., acetylation or alkoxycarbonylation), with 

(AM. In certain preferred embodiments, the second CAR or without any of a wide variety of side-chain modifications 

sequence is derived from fibronectin (i.e., ROD); a classical and/or substitutions (e.g., methylation, benzylation, 

cadherin (i.e., HAV); a claudin or a nonclassical cadherin as t-butylation, tosylation, alkoxycarbonylation. and the like), 

described above. VJ Preferred derivatives include amino acids having an 

Cyclic peptides containing at least one occludin CAR N-acetyl group (such that the amino group that represents 

sequence may be covalently linked to either cyclic or linear the N-terminus of the linear peptide prior to cyclization is 

peptides containing at least one CAR sequence recognized acetylated) and/or a C-terminal amide group (i.e., the car- 

by a different CAM, as described previously. Using a linker, 55 box y terminus of the linear peptide prior to cyclization is 

cyclic LYHY-containing peptides and other cyclic or linear amidated). Residues other than common amino acids that 

peptide or protein sequences may be joined head-to-tail (i.e., may be present with a cyclic peptide include, but are not 

the linker may be covalently attached to the carboxyl or limited to, penicillamine, p,i3-tetramethylene cysteine, [3,(3- 

amino group of each peptide sequence), head-to-side chain pentamethylene cysteine, fS-mercaptopropionic acid, [5,(5- 

and/or tail-to-side chain. Modulating agents comprising one 60 pentamethylene-(3-mercaptopropionic acid 

or more linkers may form linear or branched structures. 2-mercaptobenzene, 2-mercaptoaniline, 2-mercaptoproline, 

Within one embodiment, modulating agents having a ornithine, diaminobulyric acid, u-aminoadipic acid, 

branched structure comprise multiple different CAR m-aminomethylbenzoic acid and a,|3-diaminopropionic 

sequences, such as various combinations of LYHY (SEQ ID 6S acid. 

NO:f), ROD, HAV, claudin CAR sequence(s) and/or non- Cyclic peptides as described herein may be synthesized 

classical cadherin CAR sequence(s). by methods well known in the art, including recombinant 
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UNA methods and chemical s\ nthesis. i ollowing synthesis 
of a linear peptide (utilizing methods described herein), with 
or without N-acetylation and/or C-amidation, cyclization 
may be achieved by any of a variety of techniques well 
known in the art. Within one embodiment, a bond may be 5 
generated between reactive amino acid side chains. For 
example, a disulfide bridge may be formed from a linear 
peptide comprising two thiol-containing residues by oxidiz- 
ing the peptide using any of a variety of methods. Within one 
such method, air oxidation of thiols can generate disulfide 
linkages over a period of several days using either basic or 
neutral aqueous media. The peptide is used in high dilution 
to minimize aggregation and intermolecular side reactions. 
This method suffers from the disadvantage of being slow but 15 
has the advantage of only producing 1 1,0 as a side product. 
Alternatively, strong oxidizing agents such as I 2 and K 3 Fe 
(CN) 6 can be used to form disulfide linkages. Those of 
ordinary skill in the art will recognize that care must be 
taken not to oxidize the sensitive side chains of Met, Tyr, Trp 20 
or His. Cyclic peptides produced by this method require 
purification using standard techniques, but this oxidation is 
applicable at acid pHs. By way of example, strong oxidizing 
agents can be used to perform the cyclization shown below 
(SEQ ID NOs: 19 and 20), in which the underlined portion 25 
is cyclized: 

FmocCysAsp(t-Bu)GlyTyr(t-Bu)ProLys(Boc)Asp(t-Bu)CysLys(t- 
Bu)Gly-OMe-»Fmoc 

Gly-OMe 

Oxidizing agents also allow concurrent deprotection/ 
oxidation of suitable S-protected linear precursors to avoid 
premature, nonspecific oxidation of free cysteine, as shown 
below (SEQ ID Nos:21 and 22), where X and Y=S-Trt or 
S-Acm: 



DMSO, unlike I 2 and K 3 Fe(CN) 6 , is a mild oxidizing 
agent which does not cause oxidative side reactions of the 
nucleophilic amino acids mentioned above. DMSO is mis- 
cible with H 2 0 at all concentrations, and oxidations can be 
performed at acidic to neutral pHs with harmless byprod- 
ucts. Methyltrichlorosilane-diphenylsulfoxide may alterna- 
tively be used as an oxidizing agent, for concurrent 
deprotcction/oxidation of S-Acm, S-Tacm or S-t-Bu of cys- 
teine without affecting other nucleophilic amino acids. There 
are no polymeric products resulting from intermolecular 
disulfide bond formation. In the example below (SEQ ID 
NOs:23 and 24), X is Acm, Tacm or t-Bu: 



Suitable thiol-containing residues for use in such oxida- 
tion methods include, but are not limited to, cysteine, 
P,P-dimethyl cysteine (penicillamine or Pen), |3,|3- 
tetramethylene cysteine (Tmc), P,|?-pentamethylene cys- 
teine (Pmc). fi-mcrcaptopropionic acid (Mpr), p\(5- 
pentamethylene-|3-mercaptopropionic acid (Pmp), 
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and 



2-mercaptoproline. Peptides containing such residues are 
illustrated by the following representative formulas, in 
which the underlined portion is cyclized, N-acetyl groups 
are indicated by N-Ac and C-terminal amide groups are 
represented by — NH 2 : 



i) N — Ac — Cys — Leu — Tyr — His — Tyr — Cys — NH 2 (SEQ ID NO:25) 

iii) N— Ac — Cys— Gin— Tyr— Leu— Tyr— His— Tyr— Cys— NH 2 (SEQ ID NTO:27) 

iv) H -Cvs-Gln-Tvr- Leu-Tvr- His-Tvr-Cvs- OH (SEQ ID NO:28) 

v) N — Ac — Cys — Tyr — Leu — Tyr — His — Tyr — Cys — NH 2 (SEQ ID NO:29) 

vi) H — Cys — Tyr — Leu — Tyr — His — Tyr — Cys — OH (SEQ ID NO:30) 

vii) N — Ac — Cys — Leu — Tyr — His — Tyr — Pen — NH 2 (SEQ ID NO:31) 
vi") N— Ac — Tmc— Leu— Tyr— His— Tyr— Cys— NH 3 (SEQ ID NO:32) 

ix) [s — Ac — Pmc — Leu — tyr — His — Tyr — Cys — NH 2 (SEQ ID NO:33) 

x ) N_ Ac — Mpr— Leu— Tyr— His— Tyr— Cys— NH 2 (SEQ ID NO:34) 

xi) N— Ac — Pmp— Leu— Tyr— His— Tyr— Cys— NH 2 (SEQ ID NO:35) 




r^ s if- 



It will be readily apparent to those of ordinary skill in the 
art that, within each of these representative formulas, any of 
the above ibiol-coiilainine; residues may be employed in 
place of one or both of the thiol-containing residues recited. 

Within another embodiment, cyclization may be achieved 
by amide bond formation. For example, a peptide bond may 
be formed between terminal functional groups (i.e., the 
amino and carboxy termini of a linear peptide prior to 
cyclization). Two such cyclic peptides arc YLYHY (SEQ ID 
NO: 18) and O YLYHY (SEQ ID NO: 17). Within another 
such embodiment, the cyclic peptide comprises a D-amino 
acid (e.g., yLYHY : SEQ ID NO: 18). Alternatively, cycliza- 
tion may be accomplished by linking one terminus and a 
residue side chain or using two side chains, as in KLYHYD 
(SEQ ID NO:36) or KOYLYHYD fSEO ID NO:37), with or 
without an N-terminal acetyl group and/or a C-terminal 
amide. Residues capable of forming a lactam bond include 
lysine, ornithine (Orn), a-amino adipic acid, 
m-aminomethylbenzoic acid, a,|j-diaminopropionic acid, 
glutamate or aspartate. 

Methods for forming amide bonds are well known in the 
ail and are based on well established principles of chemical 
reactivity. Within one such method, carbodiimide-mediated 
lactam formation can be accomplished by reaction of the 
carboxylic acid with DCC, DIC, EDAC or DCCI, resulting 
in the formation of an O-acylurea that can be reacted 
immediately with the free amino group to complete the 
cyclization. The formation of the inactive N-acylurea, result- 
ing from 0-»N migration, can be circumvented by convert- 
ing the O-acylurea to an active ester by reaction with an 
N-hydroxy compound such as 1-hydroxybcnzotriazolc, 
1-hydroxysuccinimide, 1-hydroxynorbornene carboxamide 
or ethyl 2-hydroximino-2-cyanoacetate. In addition to mini- 
mizing O^N migration, these additives also serve as cata- 
lysts during cyclization and assist in lowering racemization. 
Alternatively, cyclization can be performed using the azide 
method, in which a reactive azide intermediate is generated 
from an alkyl ester via a hydrazide. Hydrazinolysis of the 
terminal ester necessitates the use of a t-butyl group for the 



protection of side chain carboxyl functions in the acylating 

25 component. This limitation can be overcome by using diphe- 
nylphosphoryl acid (DPPA), which furnishes an azide 
directly upon reaction with a carboxyl group. Ihe slow 
reactivity of azides and the formation of isocyanates by their 
disproportionation restrict the usefulness of this method. 

30 The mixed anhydride method of lactam formation is widely 
used because of the facile removal of reaction by-products. 
The anhydride is formed upon reaction of the carboxylatc 
anion with an alkyl chloroformate or pivaloyl chloride. The 
attack of the amino component is then guided to the carbonyl 

35 carbon of the acylating component by the electron donating 
effect of the alkoxy group or by the steric bulk of the 
pivaloyl chloride t-butyl group, which obstructs attack on 
the wrong carbonyl group. Mixed anhydrides with phospho- 
ric acid derivatives have also been successfully used. 

40 Alternatively, cyclization can be accomplished using acti- 
vated esters, 'file presence of electron withdrawing substitu- 
ents on the alkoxy carbon of esters increases their suscep- 
tibility to aminolysis. The high reactivity of esters of 
p-nitrophenol, N-hydroxy compounds and polyhalogenated 

-5 phenols has made these "active esters" useful ill the synthe- 
sis of amide bonds. The last few years have witnessed the 
development of benzotriazolyloxytris-(dimethylamino) 
phosphonium hexafluorophosphonate (HOP) and its conge- 
ners as advantageous coupling reagents. Their performance 

50 is generally superior to that of the well established carbo- 
diimide amide bond formation reactions. 

Within a further embodiment, a thioether linkage may be 
formed between the side chain of a thiol-containing residue 
and an appropriately derivatized a-amino acid. By way of 

55 example, a lysine side chain can be coupled to bromoacetic 
acid through the carbodiimide coupling method (DCC, 
EDAC) and then reacted with the side chain of any of the 
thiol containing residues mentioned above to form a thio- 
ether linkage. In order to form dithioethers, any two thiol 

60 containing side-chains can be reacted with dibromoethane 
and diisopropylamine in DMF. Examples of thiol-containing 
linkages are shown below: 



6, 
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Cyclization may also be achieved using 
Ditryptophan (i.e., Ac- Trp-Gly-Gly-Trp -OMe) (SEQ ID 
NO: 38), as shown below: 




[i 



Representative structures of cyclic peptides are provided 
in FIG. 3. Within FIG. 3, certain cyclic peptides having the 
ability to modulate cell adhesion (shown on the left) are 
paired with similar inactive structures (on the right). The 
structures and formulas recited herein are provided solely 
for the purpose of illustration, and are not intended to limit 
the scope of the cyclic peptides described herein. 

As noted above, instead of (or in addition to) an occludin 
CAR sequence, a modulating agent may comprise an 
antibody, or antigen-binding fragment thereof, that specifi- 
cally binds to a occludin CAR sequence. As used herein, an 
antibody, or antigen-binding fragment thereof, is said to 
"specifically bind" to a occludin CAR sequence (with or 
without Hanking amino acids) if it reacts at a delectable level 
with a peptide containing that sequence, and does not react 
detectably with peptides containing a different CAR 
sequence or a sequence in which the order of amino acid 
residues in the occludin CAR sequence and/or flanking 
sequence is altered. Such antibody binding properties may 
be assessed using an ELISA, as described by Newton et al., 
Develop. Dynamics 197:1-13, 1993. 

Polyclonal and monoclonal antibodies may be raised 
against an occludin CAR sequence using conventional tech- 
niques. See, e.g., Harlow and Lane, Antibodies: A Labora- 
tory Manual, Cold Spring Harbor Laboratory, 1988. In one 
such technique, an immunogen comprising the occludin 
CAR sequence is initially injected into any of a wide variety 
of mammals (e.g., mice, rats, rabbits, sheep or goats). The 
smaller immunogens (i.e., less than about 20 amino acids) 
should be joined to a carrier protein, such as bovine serum 
albumin or keyhole limpet hemocyanin. Following one or 
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more injections, the animals are bled periodically. Poly- 
clonal antibodies specific for the CAR sequence may then be 
purified from such antisera by, for example, affinity chro- 
matography using the modulating agent or antigenic portion 

5 thereof coupled to a suitable solid support. 

Monoclonal antibodies specific for the occludin CAR 
sequence may be prepared, for example, using the technique 
of Kohler and Milstein, Eur. J. Immunol. 6:5 1 1-519, 1976, 
and improvements thereto. Briefly, these methods involve 

30 the preparation of immortal cell lines capable of producing 
antibodies having the desired specificity from spleen cells 
obtained from an animal immunized as described above. The 
spleen cells are immortalized by, for example, fusion with a 
myeloma cell fusion partner, preferably one that is synge- 

15 neic with the immunized animal. Single colonies are 
selected and their culture supernatants tested for binding 
activity against the modulating agent or antigenic portion 
thereof. Hybridomas having high reactivity and specificity 
are preferred. 

20 Monoclonal antibodies may be isolated from the super- 
natants of growing hybridoma colonies, with or without the 
use of various techniques known in the art to enhance the 
yield. Contaminants may be removed from the antibodies by 
conventional techniques, such as chromatography, gel 

25 filtration, precipitation, and extraction. Antibodies having 
the desired activity may generally be identified using immu- 
nofluorescence analyses of tissue sections, cell or other 
samples where the target occludin is localized. 

Within certain embodiments, the use of antigen-binding 

30 fragments of antibodies may be preferred. Such fragments 
include Fab fragments, which may be prepared using stan- 
dard techniques. Briefly, immunoglobulins may be purified 
from rabbit serum by affinity chromatography on Protein A 
bead columns (Harlow and Lane, Antibodies: A Laboratory 

35 Manual, Cold Spring Harbor Laboratory, 1988; see espe- 
cially page 309) and digested by papain to yield Fab and Fc 
fragments. The Fab and Fc fragments may be separated by 
affinity chroma U igraphy on protein A bead columns ( I Iarlow 
and Lane, 1988, pages 628-29). 

40 EVALUATION OF MODULATING AGENT 

ACTIVITY 

As noted above, modulating agents as described herein 
are capable of modulating occludin-mcdiatcd cell adhesion. 

45 The ability of an agent to modulate cell adhesion may 
generally be evaluated in vitro by assaying the effect on 
endothelial and or epithelial cell adhesion using, lor 
example, any of a variety of immunostaining protocols 
and/or plating assays. In general, a modulating agent is an 

so inhibitor of cell adhesion if contact of the test cells with the 
modulating agent results in a discernible disruption of cell 
adhesion using one or more representative assays provided 
herein. Modulating agents that enhance cell adhesion (e.g. 
agents comprising multiple LYHY (SEQ ID NO:l) 

55 sequences and or linked to a support molecule or material) 
are considered to be modulators of cell adhesion if they are 
capable of promoting cell adhesion, as judged by plating 
assays to assess either endothelial or epithelial cell adhesion 
to a modulating agent attached to a support material, such as 

60 tissue culture plastic. 

The ability of an agent to modulate cell adhesion may 
generally be evaluated in vivo by assessing the effect on 
vascular permeability utilizing the Miles assay (McClure et 
al., J. Pharmacologiat I A Toxin do^h-al Methods 32:49-52, 

65 1994). Briefly, a candidate modulating agent may be dis- 
solved in phosphate bu 111- red saline (PBS) at a concentration 
of 100 /rg/ml. Adult rats may be given 100 /A subdermal 
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injection!, of each peptide solution into their shaved backs, 
followed 15 minutes later by a single 250 fil injection of 1% 
Evans blue dissolved in PBS into their tail veins. The 
subdermal injection sites may be visually monitored for the 
appearance of blue dye. Once the dye appears (about 15 5 
minutes after injection), each subdermal injection site may 
be excised, weighed, and placed in 1 ml dimethylformamide 
for 24 hours to extract the dye. The optical density of the dye 
extracts may then be determined at 620 nm. In general, the 
injection of 0.1 ml of modulating agent (at a concentration 10 
of 0.1 mg/ml)into the backs of rats causes an increase of dye 
accumulation at the injection sites of at least 50%, as 
compared to dye accumulation at sites into which PBS has 
been injected. 

The effect of a modulating agent on endothelial cell 15 
adhesion may generally be evaluated using immunolocal- 
ization techniques. Human aortic endothelial cells (HAEC) 
may be cultured on fibronectin-coated coverslips 
(flbronectin may be obtained from Sigma, St. Louis, Mo.) 
according to the procedures of Jaffe et al., J. Clin. Invest. 20 
52:2745-2756, 1973. Briefly, human endothelial cells may 
be maintained in EGM (endothelial cell growth medium; 
Clonelics, San Diego, Calif.) and used for experiments at 
passage 4. Confluent cultures of HAEC may be exposed to 
either a candidate modulating agent (final concentration 1 00 ;s 
/ug/ml EGM), or EGM alone for f hour. The cells are then 
be fixed for 30 minutes at 4° C. in 95% ethanol, followed by 
fixation in acetone for 1 minute at 4° C. (Furuseetal.,/. Cell 
Biol. 123:1777-1788, 1993). After fixation, the cells may be 
probed with either mouse anti-VE-cadherin antibodies 30 
(Hemeris, Sassenage, France; diluted 1:250 in 0.1% dried 
skim milk powder dissolved in PBS), or rabbit anti-occludin 
antibodies (Zymed, South San Francisco, Calif.; diluted 
1:300 in 0.1% dried skim milk powder dissolved in PBS) for 
1 hour at 37° C. The cells may then be washed with 0.1% 35 
dried skim milk powder dissolved in PBS (three washes, 5 
minutes/wash), and probed with secondary antibodies 
(donkey anti-mouse Cy3, or donkey anti-rabbit Cy5 diluted 
1:250 in 0.1% dried skim milk powder dissolved in PBS; 
Jackson Immunoresearch Laboratories Inc., Westgrovc, Pa.) io 
for I hour al M° C. The cells may 1 hen be washed again with 
in 0.1% dried skim milk powder dissolved in PBS and 
mounted in a solution composed of 50% glycerol and 50% 
PBS to which phenylenediamine (Sigma, St. Louis, Mo.) has 
been added to a final concentration of t mg/ml. The sample 45 
may then be analyzed using a Bio-Rad MRC 1000 confocal 
microscope with Laser Sharp software version 2.1T (Bio- 
Rad, Hercules, Calif.). In general, 0.1 mg/ml of modulating 
agent results in the appearance of intercellular gaps within 
the monolayer cultures and a decrease of at least 50% in the 50 
surface expression of occlndin and YL-cadherin, as com- 
pared to monolayer cultures that were not exposed to the 
modulating agent. 

Within certain cell adhesion assays, the addition of a 
modulating agent to cells that express occludin results in 55 
disruption of cell adhesion. An "occludin-expressing cell," 
as used herein, may be any type of cell that expresses 
occludin on the cell surface at a detectable level, using 
standard techniques such as immunocytochemical protocols 
(e.g., Blaschuk and Farookhi, Dev. Biol. 136:564-567, 60 
1989). Occludin-expressing cells include endothelial, epi- 
thelial and/or cancer cells. For example, such cells may be 
plated under standard conditions that, in the absence of 
modulating agent, permit cell adhesion. In the presence of 
modulating agent (e.g., 100 /jg/mL), disruption of cell 65 
adhesion may be determined visually within 24 hours, by 
observing retraction of the cells from one another. 
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Within another such assay, the effect of a modulating 
agent on normal at kidney (NRK) cells may be evaluated. 
According to a representative procedure, NRK cells (ATCC 
#1571-CRL) may be plated at 10-20,000 cells per 35 mm 
tissue culture flasks containing DMEM with 10% FCS and 
sub-cultured periodically (Laird et al., /. Cell Biol. 
131:1193-1203, 1995). Cells may be harvested and replated 
in 35 mm tissue culture flasks containing f mm coverslips 
and incubated until 50-65% confluent (24-36 hours). At this 
time, coverslips may be transferred to a 24-well plate, 
washed once with fresh DMEM and exposed to modulating 
agent at a concentration of, for example, 0.1 mg/mL for 24 
hours. Fresh modulating agent may then be added, and the 
cells left for an additional 24 hours. Cells may be fixed with 
100% methanol for fO minutes and then washed three times 
with PBS. Coverslips may be blocked for 1 hour in 2% 
BSA/PBS and incubated for a further 1 hour in the presence 
of rabbit anti-occludin antibody ((Zymed, South San 
Francisco, Calif.) and mouse anti-E-cadherin antibody 
(Transduction Labs, 1 :250 dilution). Primary and secondary 
antibodies may be diluted in 2'.'i USA PBS. hollowing 
incubation in the primary antibody, coverslips may be 
washed three times for 5 minutes each in PBS and incubated 
for 1 hour with donkey anti-mouse Cy3 and donkey anti- 
rabbit Cy5 (Jackson Immunoresearch Laboratories Inc., 
Westgrove, Pa.) for 1 hour at 37° C. Following further 
washes in PBS (3x5 min) coverslips can be mounted and 
viewed by confocal microscopy. 

In the absence of modulating agent, NRK cells form 
characteristic tightly adherent monolayers with a cobble- 
stone morphology in which cells display a polygonal shape. 
NRK cells that are treated with a modulating agent that 
disrupts occludin-mcdiatcd cell adhesion may assume a 
non-polygonal and elongated morphology (i.e., a fibroblast- 
like shape) within 48 hours of treatment with 0.1 mg/mL of 
modulating agent. Gaps appear in confluent cultures of such 
cells. In addition, 0.1 mg/mL of such a modulating agent 
reproducibly induces a readily apparent reduction in cell 
surface staining of occludin and E-cadherin, as judged by 
immunofluorescence microscopy (Laird et al., /. Cell Biol. 
131:1193-1203, 1995), of at least 75% within 48 hours. 

A third cell adhesion assay involves evaluating the effect 
of a modulating agent on permeability of adherent endot- 
helial cell monolayers. The effects of a modulating agent on 
the permeability of endothelial cell monolayers may be 
assessed utilizing the protocols of Ehringer et al., /. Cell. 
Physiol. 167:562-569, 1996. HAEC can be seeded onto 
inserts in 24-well plates (Becton-Dickenson, Franklin Lake, 
N.J.) and cultured in EGM. Confluent cell monolayers may 
be exposed to either modulating agent (final concentration 
100/ig ml EGM), or EGM alone for 1 hour. The inserts may 
then be transferred to 24-chamber plates (Becton- 
Dickenson) for permeability assays. Perfusate (0.5% bovine 
serum albumin, fraction V (Sigma) dissolved in 15 mM 
HEPES, pH 7.4) and FITC-Dextran (50 ^g/ml HEPES 
buffer; MW 12 kDa; Sigma) may be added to each well (1 
ml/well and 50 fi] well, respectively), and the cells incubated 
at 37° C. for 30 min. Aliquots of 100 (A may then be removed 
from the lower chamber and the optical density of the 
solution determined at a wavelength of 450 nm. In general, 
the presence of 100 tig mL modulating agent that enhances 
the permeability of endothelial cell monolayers results in a 
statistically significant increase in the amount of marker in 
the receptor compartment after 1 hour. 

Yet another assay evaluates the effect of an occludin 
modulating agent on the electrical resistance across a mono- 
layer of cells. For example, Madin Darby canine kidney 
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(MDCK) cells can be exposed to the modulating agent 
dissolved in medium (e.g., at a final concentration of 0.5 
mg/ml for a period of 24 hours). The effect on electrical 
resistance can be measured using standard techniques. This 
assay evaluates the effect of a modulating agent on tight : 
junction formation in epithelial cells. In general, the pres- 
ence of 500 ligmi modulating agent should result in a 
statistically significant increase or decrease in electrical 
resistance after 24 hours. 



A modulal ing agcnl as described herein may. bill need not, 
be linked to one or more additional molecules. In particular, 
as discussed below, it may be beneficial for certain appli- 15 
cations to link multiple modulating agents (which may, but 
need not, be identical) to a support material, such as a single 
molecule (e.g., keyhole limpet hemocyanin) or a solid 
support, such as a polymeric matrix (which may be formu- 
lated as a membrane or microstructure, such as an ultra thin ;0 
film), a container surface (e.g., the surface of a tissue culture 
plate or the interior surface of a bioreactor), or a bead or 
other particle, which may be prepared from a variety of 
materials including glass, plaslic or ceramics, for certain 
applications, biodegradable support materials are preferred, 2 5 
such as cellulose and derivatives thereof, collagen, spider 
silk or any of a variety of polyesters (e .g., tin ise derived In >m 
hydroxy acids and/or lactones) or sutures (see U.S. Pat. No. 
5.245,012). Within certain embodiments, modulating agents 
and molecules comprising other CAR sequence(s) (e.g., an 30 
IIAV sequence) may be attached to a support such as a 

Suitable methods for linking a modulating agent to a 
support material will depend upon the composition of the 
support and the intended use, and will be readily apparent to 35 
those of ordinary skill in the art. Attachment may generally 
be achieved through noncovalent association, such as 
adsorption or affinity or. preferably, via co\ alent attachment 
(which may be a direct linkage between a modulating agent 
and functional groups on the support, or may be a linkage by 40 
way of a cross-linking agent). Attachment of a modulating 
agent by adsorption may be achieved by contact, in a 
suitable buffer, with a solid support for a suitable amount of 
time. The contact time varies with temperature, but is 
generally between about 5 seconds and 1 day, and typically 45 
between about 10 seconds and 1 hour. 

('ovalcnl allai'hmcnl of a modulating agent to a molecule 
or solid support may generally be achieved by first reacting 
the support material with a Afunctional reagent that will also 
react with a functional group, such as a hydroxyl, thiol, 50 
carboxyl, ketone or amino group, on the modulating agent. 
For example, a modulating agent may be bound to an 
appropriate polymeric support or coating using 
benzoquinone, by condensation of an aldehyde group on the 
support with an amine and an active hydrogen on the 55 
modulating agent or by condensation of an amino group on 
the support with a carboxylic acid on the modulating agent. 
A preferred method of generating a linkage is via amino 
groups using glutaraldehyde. A modulating agent may be 
linked to cellulose via ester linkages. Similarly, amide 60 
linkage-, ma) be suitable foi linkage 10 other molecules such 
as keyhole limpet hemocyanin or other support materials. 
Multiple modulating agents and/or molecules comprising 
other CAR sequences may be attached, for example, by 
random coupling, in which equimolar amounts of such 65 
molecules are mixed with a matrix support and allowed to 
couple at random. 
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Although modulating agents as described herein may 
preferentially bind to specific tissues or cells, and thus may 
be sufficient to target a desired site in vivo, it may be 
beneficial for certain applications to include an additional 
targeting agent. Accordingly, a targeting agent may also, or 
alternatively, be linked to a modulating agent to facilitate 
targeting to one or more specific tissues. As used herein, a 
"targeting agent," may be any substance (such as a com- 
pound or cell) that, when linked to a modulating agent 
enhances the transport of the modulating agent to a target 
tissue, thereby increasing the local concentration of the 
modulating agent. Targeting agents include antibodies or 
fragments thereof, receptors, ligands and other molecules 
that bind to cells of, or in the vicinity of, the target tissue. 
Known targeting agents include serum hormones, antibodies 
against cell surface antigens, lectins, adhesion molecules, 
tumor cell surface binding ligands, steroids, cholesterol, 
lymphokines, fibrinolytic enzymes and those drugs and 
proteins that bind to a desired target site. Among the many 
monoclonal antibodies that may serve as targeting agents are 
anti-TAC, or other interleukin-2 receptor antibodies; 9.2.27 
and NR-ML-05, reactive with the 250 kilodalton human 
melanoma-associated proteoglycan; and NR-LU-10, reac- 
tive with a pancarcinoma glycoprotein. An antibody target- 
ing agent may be an intact (whole) molecule, a fragment 
thereof, or a functional equivalent thereof. Examples of 
antibody fragments are 1 (ab')2, -l ab', Fab and F[v] 
fragments, which may be produced by conventional meth- 
ods or by genetic or protein engineering. Linkage is gener- 
ally covalent and may be achieved by, for example, direct 
condensation or other reactions, or by way of bi- or multi- 
functional linkers. 

For certain embodiments, it may be beneficial to also, or 
alternatively, link a drug to a modulating agent. As used 
herein, the term "drug" refers to any bioactive agent 
intended for administration to a mammal to prevent or treat 
a disease or other undesirable condition. Drugs include 
hormones, growth factors, proteins, peptides and other com- 
pounds. The use of certain specific drugs within the context 
of the present invention is discussed below. 

Modulating agents as described herein may be present 
within a pharmaceutical composition. A pharmaceutical 
composition comprises one or more modulating agents in 
combination with one or more pharmaceutical^ or physi- 
ologically acceptable carriers, diluents or excipients. Such 
compositions may comprise buffers (e.g., neutral buffered 
saline or phosphate buffered saline), carbohydrates (e.g., 
glucose, mannose, sucrose or dextrans), mannitol, proteins, 
polypeptides or amino acids such as glycine, antioxidants, 
chelating agents such as EDTA or glutathione, adjuvants 
(e.g., aluminum hydroxide) and/or preservatives. Within yet 
other embodiments, compositions of the present invention 
may be formulated as a lyophilizate. One or more modulat- 
ing agents (alone or in combination with a targeting agent 
and or drug) may, but need not, be encapsulated within 
liposomes using well known technology. Compositions of 
the present invention may be formulated for any appropriate 
manner of administration, including for example, topical, 
oral, nasal, intravenous, intracranial, intraperitoneal, 
subcutaneous, or intramuscular administration 

For certain embodiments, as discussed below, a pharma- 
ceutical composition may further comprise a modulator of 
cell adhesion that is mediated by one or more molecules 
other than occludin. Such modulators may generally be 
prepared as described above, incorporating one or more 
non-occludin CAR sequences and or antibodies thereto in 
place of the occludin CAR sequence and antibodies. Such 
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compositions arc particularly useful for situations in which 
it is desirable to inhibit cell adhesion mediated by multiple 
cell adhesion molecules, such as cadherins (e.g., classical 
cadherins, E-cadherin, Dsg and Dsc); integrins; members of 
the immunoglobulin supergene family (such as N-CAM and 
PECAM); and claudins. Preferred CAR sequences for use 
within such a modulator include HAV, RGD, and CAR 
sequences of claudins, VE-cadherin, dsg and dsc. 

A pharmaceutical composition may also, or alternatively, 
contain one or more drugs, which may be linked to a 
modulating agent or may be free within the composition. 
Virtually any drug may be administered in combination with 
a modulating agent as described herein, for a variety of 
purposes as described below. Examples of types of drugs 
that may be administered with a modulating agent include 
analgesics, anesthetics, antianginals, antifungals, antibiotics, 
anticancer drugs (e.g., taxol or mitomycin C), antiinflam- 
matories (e.g., ibuprofen and indomethacin), anthelmintics, 
antidepressants, antidotes, antiemetics, antihistamines, 
antihypertensives, antimalarials, antrmicrotubulc agents 
(e.g., colchicine or vinca alkaloids), antimigraine agents, 
antimicrobials, antiphsychotics, antipyretics, antiseptics, 
anti-signaling agents (e.g., protein kinase C inhibitors or 
inhibitors of intracellular calcium mobilization), 
antiarthritics, antithrombin agents, antituberculotics, 
antitussives, antivirals, appetite suppressants, cardioactive 
drugs, chemical dependency drugs, cathartics, chemothera- 
peutic agents, coronary, cerebral or peripheral vasodilators, 
contraceptive agents, depressants, diuretics, expectorants, 
growth factors, hormonal agents, hypnotics, immunosup- 
pression agents, narcotic antagonists, 
parasympathomimetics, sedatives, stimulants, 
sympathomimetics, toxins (e.g., cholera toxin), tranquilizers 
and urinary antiinlcctivcs. 

For imaging purposes, any of a variety of diagnostic 
agents may be incorporated into a pharmaceutical 
composition, either linked to a modulating agent or free 
within the composition. Diagnostic agents include any sub- 
stance administered to illuminate a physiological function 
within a patient, while leaving other physiological functions 
generally unaffected. Diagnostic agents include metals, 
radioactive isotopes and radiopaque agents (e.g., gallium, 
technetium, indium, strontium, iodine, barium, bromine and 
phosphoms-containing compounds), radiolucent agents, 
contrast agents, dyes (e.g., fluorescent dyes and 
chromophores) and enzymes that catalyze a colorimetric or 
fluorometric reaction. In general, such agents may be 
attached using a variety of techniques as described above, 
and may be present in any orientation. 

The compositions described herein may be administered 
as pari of a sustained release formulation (i e., a formulation 
such as a capsule or sponge that effects a slow release of 
modulating agent following administration). Such formula- 
tions may generally be prepared using well known technol- 
ogy and administered by, for example, oral, rectal or sub- 
cutaneous implantation, or by implantation at the desired 
target site. Sustained-release formulations may contain a 
modulating agent dispersed in a carrier matrix and/or con- 
tained within a reservorr surrounded by a rate controlling 
membrane (see, e.g., European Patent Application 710,491 
A). Carriers for use within such formulations are 
biocompatible, and may also be biodegradable; preferably 
the formulation provides a relatively constant level of modu- 
lating agent release. The amount of modulating agent con- 
tained within a sustained release formulation depends upon 
the site of implantation, the rale and expected duration of 
release and the nature of the condition to be treated or 
prevented. 
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Pharmaceutical compositions of the present invention 
may be administered in a manner appropriate to the disease 
to be treated (or prevented). Appropriate dosages and a 
suitable duration and frequency of administration will be 

5 determined by such factors as the condition of the patient, 
the type and severity of the patient's disease and the method 
of administration. In general, an appropriate dosage and 
treatment regimen provides the modulating agent(s) in an 
amount sufficient to provide therapeutic and/or prophylactic 

10 benefit. Within particularly preferred embodiments of the 
invention, a modulating agent or pharmaceutical composi- 
tion as described herein may be administered at a dosage 
ranging from O.OOf to 50 mg/kg body weight, preferably 
from O.f to 20 mg/kg, on a regimen of single or multiple 

15 daily doses. For topical administration, a cream typically 
comprises an amount of modulating agent ranging from 
0.00001% to 1%, preferably from 0.0001% to 0.2% and 
more preferably front 0.01 '< to 0.1%. Fluid compositions 
typically contain an amount of modulating agent ranging 

20 from 10 ng/ml to 5 mg/ml, preferably from 10 fig to 2 
mg/mL. Appropriate dosages may generally be determined 
using experimental models and/or clinical trials. In general, 
the use of the minimum dosage that is sufficient to provide 
effective therapy is preferred. Patients may generally be 

25 monitored for therapeutic effectiveness using assays suitable 
for the condition being treated or prevented, which will be 
familiar to those of ordinary skill in the art. 

MODULATING AGENT METHODS OF USE 

30 In general, the modulating agents and compositions 
described herein may be used for modulating the adhesion of 
occludin-expressing cells in vitro and/or in vivo. As noted 
above, modulating agents for purposes that involve the 
disruption of occludin-mediated cell adhesion may comprise 

35 an occludin CAR sequence, multiple occludin CAR 
sequences in close proximity and/or an antibody (or an 
antigen-binding fragment thereol) 'hat recognizes the occlu- 
din CAR sequence. When it is desirable to also disrupt cell 
adhesion mediated by other adhesion molecules, a modu- 

40 lating agent may additionally comprise one or more CAR 
sequences bound by such adhesion molecules (and/or anti- 
bodies or fragments thereof that bind such sequences), 
preferably separated from each other and from the occludin 
CAR sequence by linkers. As noted above, such linkers may 

45 or may not comprise one or more amino acids. For enhanc- 
ing cell adhesion, a modulating agent may contain multiple 
occludin CAR sequences or antibodies (or fragments), pref- 
erably separated by linkers, and/or may be linked to a single 
molecule or to a support material as described above. 

so Certain methods involving the disruption of cell adhesion 
as described herein have an advantage over prior techniques 
in that they permit the passage of molecules that are large 
and/or charged across barriers of occludin-expressing cells. 
As described in greater detail below, modulating agents as 

55 described herein may also be used to disrupt or enhance cell 
adhesion in a variety of other contexts. Within each of the 
methods described herein, one or more modulating agents 
may generally be administered alone, or within a pharma- 
ceutical composition. In each specific method described 

60 herein, as noted above, a targeting agent may be employed 
to increase the local concentration of modulating agent at the 
target site. 

The present invention also provides methods for increas- 
ing vasopermeability in a mammal by administering one or 
65 more modulating agents or pharmaceutical compositions. It 
has been found, within the context of the present invention, 
that endothelial cell adhesion can be disrupted by linear and 
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cyclic peptides containing the occludin CAR sequence, administration of a vasoactive agent even iu the absence of 

LYHY (SEQ ID NO:l). Within blood vessels, endothelial a targeting agent increases the perfusion of certain tumors 

cell adhesion results in decreased vascular permeability. relative to other tissues. Suitable targeting agents include 

Accordingly, modulating agents that disrupt occludin- antibodies and other molecules that specifically bind to 

mediated endothelial cell adhesion as described herein, can s tumor cells or to components of structuralh abnormal blood 

increase vascular permeability and thus may facilitate drug vessels. For example, a targeting agent may be an antibody 

delivery to previously inaccessible t issues, such as the brain. that binds to a fibrin degradation product or a cell enzyme 

Certain preferred modulating agents for use within such such as a peroxidase that is released by granulocytes or other 

methods are H-QYLYHYCVVD-OH (SEQ ID NO:2) and cells in necrotic or inflamed tissues. 

H- CLYHYC -OH (SEQ ID NO:3) and modulating agents 10 Administration via intravenous injection or transdermal 

comprising such sequences or derivatives thereof having one administration is generally preferred. Effective dosages are 

or more C-terminal, N-terminal and/or side chain modifica- generally sufficient to increase loeali/ation of a subsequently 

tions. Preferred antibo modulating agents include Fab administered diagnostic or therapeutic agent to an extent that 

fragments directed against either H-QYLYHYCVVD-OH improves the clinical efficacy of therapy of accuracy of 

(SEP ID NO:2) or H- CLYHYC -OH (SEP ID NO:3). In one 15 diagnosis to a statistically significant degree. Comparison 

particularly preferred embodiment, a modulating agent is may be made between treated and untreated tumor host 

capable of disrupting cell adhesion mediated by multiple animals to whom equivalent doses of the diagnostic or 

adhesion molecules. For example, a single branched modu- therapeutic agent are administered. In general, dosages 

lating agent (or multiple agents linked to a single molecule range as described above. 

or support material) may disrupt occludin and cadherin 2 rj Within further aspects, the present invention provides 
mediated cell adhesion, thereby disrupting tight junctions methods in which cell adhesion is diminished. In one such 
and adherens junctions. Multi-functional modulating agents aspect, methods for reducing unwanted cellular adhesion by 
comprising the occludin CAR sequence LYHY (SEQ ID administering a modulating agent are provided. Unwanted 
NP:1) joined (preferable by a linker) to one or more of a cellular adhesion can occur between tumor cells, between 
classical cadherin CAR sequence, a claudin CAR sequence, 25 tumor cells and normal cells or between normal cells as a 
an OB-cadherin CAR sequence and/or a VE-cadherin CAR result of surgery, injury, chemotherapy, disease, inflamma- 
sequence are also preferred. Alternatively, a separate modu- tion or other condition jeopardizing cell viability or fiinc- 
lator of non-occludin-mediated cell adhesion maybe admin- tion. Preferred modulating agents lor use within such meth- 
istcrcd in conjunction with the modulating agent(s), either ods include H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
within the same pharmaceutical composition or separately. 30 CLYHYC -OH (SEQ ID NO:3) and modulating agents corn- 
Preferred antibody modulating agents that may be used in prising such sequences or derivatives thereof. Preferred 
conjunction with the occludin modulating agents include antibody modulating agents include Fab fragments directed 
Fab fragments directed against an N-cadhcrin CAR against either H-QYLYHYCVVD-PH (SEQ ID NO:2) or 
sequence, such as FHLRAIIAVDINGNQV-NI 1 . (SLQ II) ll- CI Yl IYC -OI I (SLQ ID NO:3). In addition, a modulating 
NO:4). 35 agent may comprise one or more of a claudin CAR 

Within certain embodiments, preferred modulating agents sequence, a CAR sequence for a nonclassical cadherin (such 

for use within such methods include peptides capable of as VE-cadherin, OB-cadherin, dsc or dsg), ROD sequence, 

decreasing both endothelial and tumor cell adhesion. Such and/or HAV sequence separated from an occludin CAR 

modulating agents may be used to facilitate the penetration sequence via a linker. Alternatively, separate modulators of 

of anti-tumor therapeutic or diagnostic agents (e.g., mono- 40 cadherin- and integrin-mediated cell adhesion may be 

clonal antibodies) through endothelial cell permeability bar- administered in conjunction with the modulating agent(s), 

ricrs and tumor barriers. In one particularly preferred cither within the same pharmaceutical composition or scpa- 

embodiment, a modulating agent is capable of disrupting rately. Topical administration of the modulating agcnl(s) is 

cell adhesion mediated by multiple adhesion molecules. For generally preferred, but other means may also be employed, 

example, a single branched modulating agent (or multiple 45 Preferably, a fluid composition for topical administration 

agents linked to a single molecule or support material) may (comprising, for example, physiological saline) comprises 

disrupt occludin, claudin, VE-cadherin, Dsc and Dsg medi- an amount of modulating agent as described above, and 

ated cell adhesion. Alternatively, a separate modulator of more preferably from 10 /ig/mL to 1 mg/mL. Creams may 

non-occludin-mediated cell adhesion may be administered generally be formulated as described above. Topical admin- 

in conjunction with the modulating agent(s), either within 50 istration in the surgical Held may be given once at the end 

the same pharmaceutical composition or separately. Pre- of surgery by irrigation of the wound or as an intermittent or 

ferred antibody modulating agents that may be used in continuous irrigation with the use of surgical drains in the 

conjunction with the occludin modulating agents include post-operative period or by the use of drains specifically 

Fab fragments directed against either an N-cadherin CAR inserted in an area of inflammation, injury or disease in cases 

sequence, such as FHLRAHAVDINGNQV-NH 2 (SEQ ID 55 where surgery does not need to be performed. Alternatively, 

NO:4), or an E-cadherin CAR sequence, such as parenteral or transcutaneous administration may be used to 

LFSHAVSSNG-NH 2 (SEQ ID NO:39). achieve similar results. 

Treatment with a modulating agent may be appropriate, Within another such aspect, methods are provided for 
for example, prior to administration of an anti-tumor thera- enhancing the delivery of a drug through the skin of a 
peutic or diagnostic aguil (e.g.. a monoclonal antibody or 60 mammal. Transdermal delivery of drags is a convenient and 
other macromolecule), an antimicrobial agent or an and- non-invasive method that can be used to maintain relatively 
inflammatory agent, in order to increase the concentration of constant blood levels of a drug. In general, to facilitate drug 
such agents in tlx vicinity of the large! tumor, organism or delivery via the skin, it is necessary to perturb adhesion 
inflammation without increasing the overall dose to the between the epithelial cells (keratinocytes) and the eudot- 
patient. Modulating agents for use within such methods may 65 helial cells of the microvasculature. Using currently avail- 
be linked to a targeting agent to further increase the local able techniques, only small, uncharged molecules may be 
concentration of modulating agent, although systemic delivered across skin in vivo. The methods described herein 
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art iiul subject to the saint degree of limitation. Accordingly, 
a wide variety of drugs may be transported across the 
epithelial and endothelial cell layers of skin, for systemic or 
topical administration. Such drugs may be delivered to 
melanomas 01 may enter the blood stream of the mammal for 5 
delivery to other sites within the body. 

To enhance the delivery of a drug through the skin, a 
modulating agent as described herein and a drug are con- 
tacted with the skin surface. Preferred modulating agents for 
use within such methods include H-QYLYHYCVVD-OH 10 
(SEQ ID NO:2) and H- CLYHYC -OH (SEQ ID NO:3) and 
modulating agents comprising such sequences or derivatives 
thereof. Preferred antibody modulating agents include Fab 
fragments directed against either H-QYLYHYCVVD-OH 
(SEQ ID N0:2) or H- CLYHYC -OH (SEQ ID N0:3). Mul- 15 
tifunctional modulating agents comprising an occludin CAR 
sequence linked to one or more of a claudin CAR sequence, 
VE-cadherin CAR sequence, dsc CAR sequence, dsg CAR 
sequence, k(il) sequence, and or 1 1 \V sequence may also 
be used to disrupt cell adhesion. Alternatively, a separate 20 
modulator of non-occludin-mediated cell adhesion may be 
administered in conjunction with the modulating agcnl(s). 
either within the same pharmaceutical composition or sepa- 
rately. Contact may be achieved by direct application of the 
modulating agent, generally within a composition formu- ;s 
lated as a cream or gel, or using any of a variety of skin 
contact devices for transdermal application (such as those 
described in European Patent Application No. 566,816 A; 
U.S. Pat. No. 5,613,958; U.S. Pat. No. 5,505,956). A skin 
patch provides a convenient method of administration 30 
(particularly for slow-release formulations). Such patches 
may contain a reservoir of modulating agent and drug 
separated from the skin by a membrane through which the 
drug diffuses. Within other patch designs, the modulating 
agent and drug may be dissolved or suspended in a polymer 35 
or adhesive matrix that is then placed in direct contact with 
the patient's skin. The modulating agent and drug may then 
diffuse from the matrix into the skin. Modulating agent(s) 
and drug(s) may be contained within the same composition 
or skin patch, or may be separately administered, although 40 
administration at the same lime and site is preferred. In 
general, the amount of modulating agent administered via 
the skin varies with the nature of the condition to be treated 
or prevented, but may vary as described above. Such levels 
may be achieved by appropriate adjustments to the device .5 
used, or by applying a cream formulated as described above. 
Transfer of the drug across the skin and to the target tissue 
may be predicted based on in vitro studies using, for 
example, a Fran/ cell apparatus, and evaluated in vivo by 
appropriate means that will be apparent to those of ordinary 50 
skill in the art. As an example, monitoring of the serum level 
of the administered drug over time provides an easy measure 
of the drug transfer across the skin. 

Transdermal drug delivery as described herein is particu- 
larly useful in situations in which a constant rate of drug 55 
delivery is desired, to avoid fluctuating blood levels of a 
drug. For example, morphine is an analgesic commonly used 
immediately following surgery. When given intermittently 
in a parenteral form (intramuscular, intravenous), the patient 
usually feels sleepy during the first hour, is well during the 60 
next 2 hours and is in pain during the last hour because the 
blood level goes up quickly after the injection and goes 
down below the desirable level before the 4 hour interval 
prescribed for re-injection is reached. Transdermal admin- 
istration as described herein permits the maintenance of 65 
constant levels for long periods of time (e.g., days), which 
allows adequate pain control and mental alertness at the 
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same time. Insulin provides another such example. Many 
diabetic patients need to maintain a constant baseline level 
of insulin which is different from their needs at the time of 
meals. The baseline level may be maintained using trans- 
dermal administration of insulin, as described herein. Anti- 
biotics may also be administered at a constant rate, main- 
taining adequate bactericidal blood levels, while avoiding 
the high levels that are often responsible for the toxicity 
(e.g., levels of geutamycin that are too high typically result 
in renal toxicity). 

Drug delivery by the methods of the present invention 
also provide a more convenient method of drue administra- 
tion. For example, it is often particularly difficult to admin- 
ister parenteral drugs to newborns and infants because of the 
difficulty associated with finding veins of acceptable caliber 
to catheterize. However, newborns and infants often have a 
relatively large skin surface as compared to adults. Trans- 
dermal drug delivery permits easier management of such 
patients and allows certain types of care that can presently 
be given only in hospitals to be given at home. Other patients 
who typically have similar difficulties with venous catheter- 
ization are patients undergoing clicinotlicrap} or patients oil 
dialysis. In addition, for patients undergoing prolonged 
therapy, transdermal administration as described herein is 
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Transdermal administration as described herein also 
allows the gastrointestinal tract to be bypassed in situations 
where parenteral uses would not be practical. For example, 
there is a growing need for methods suitable for adminis- 
tration of therapeutic small peptides and proteins, w hich are 
typically digested within the gastrointestinal tract. The 
methods described herein permit administration of such 
compounds and allow easy administration over long periods 
of time. Patients who have problems with absorption 
through their gastrointestinal tract because of prolonged 
ileus or specific gastrointestinal diseases limiting drug 
absorption may also benefit from drugs formulated for 
transdermal application as described herein. 

Further, there are many clinical situations where it is 
difficult to maintain compliance. For example, patients with 
mental problems (e.g., patients with Alzheimer's disease or 
psychosis) are easier to manage if a constant delivery rate of 
drug is provided without having to rely on their ability to 
take their medication at specific times of the day. Also 
patients who simply forget to take their drugs as prescribed 
arc less likely to do so if they merely have to put on a skin 
patch periodically (e.g., every 3 days). Patients with diseases 
that are without symptoms, like patients with hypertension, 
are especially at risk of forgetting to take their medication as 
prescribed. 

For patients taking multiple drugs, devices for transder- 
mal application such as skin patches may be formulated with 
combinations of drugs that are frequently used together. For 
example, many heart failure patients are given digoxin in 
combination with furoscmidc. The combination of both 
drugs into a single skin patch facilitates administration, 
reduces the risk of errors (taking the correct pills at the 
appropriate time is often confusing to older people), reduces 
the psychological strain of taking "so many pills," reduces 
skipped dosage because of irregular activities and improves 

The methods described herein are particularly applicable 
to humans, but also have a variety of veterinary uses, such 
as the administration of growth factors or hormones (e.g., for 
fertility control) to an animal. 

As noted above, a wide variety of drugs may be admin- 
istered according to the methods provided herein. Some 
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examples of drug categories that may l>e administered 
transdermally include anti-inflammatory drugs (e.g., in 
arthritis and in other condition) such as all NSAID, 
indomethacin, prednisone, etc.; analgesics (especially when 
oial absorption is not possible, such as after surgery, and 5 
when parenteral administration is not convenient or 
desirable), including morphine, codeine, Demerol, acetami- 
nophen and combinations of these (e.g., codeine plus 
acetaminophen), antibiotics such as Vancomycin (which is 
not absorbed by the GI tract and is frequently given 1Q 
intravenously) or a combination of INH and Rifampicin 
(e.g., for tuberculosis); anticoagulants such as heparin 
(which is not well absorbed by the GI tract and is generally 
given parenterally, resulting in fluctuation in the blood levels 
with an increased risk of bleeding at high levels and risks of J5 
inefficacy at lower levels) and Warfarin (which is absorbed 
by the GI tract but cannot be administered immediately after 
abdominal surgery because of the normal ileus following the 
procedure); antidepressants (e.g., in situations where com- 
pliance is an issue as in Alzheimer's disease or when „ Q 
maintaining stable blood levels results in a significant reduc- 
tion of anti-cholinergic side effects and better tolerance by 
patients), such as amitriptylin, imipramin, prozac, etc.; anti- 
hypertensive drugs (e.g., to improve compliance and reduce 
side effects associated with fluctuating blood levels), such as 
diuretics and beta-blockers (which can be administered by 
the same patch; e.g., furosemide and propanolol); antipsy- 
chotics (e.g., to facilitate compliance and make it easier for 
care giver and family members to make sure that the drug is 
received), such as haloperidol and chlorpromazine; and 3Q 
anxiolytics or sedatives (e.g., to avoid the reduction of 
alertness related to high blood levels after oral administra- 
tion and allow a continual benefit throughout the day by 
maintaining therapeutic levels constant). 

Numerous other drugs may be administered as described 35 
herein, including naturally occurring and synthetic 
hormones, growth factors, proteins and peptides. For 
example, insulin and human growth hormone, growth fac- 
tors like erythropoietin, intcrlcukins and inteferons may be 
delivered via the skin. 40 

Kits for administering a drug via the skin of a mammal are 
also provided within the present invention. Such kits gen- 
erally comprise a device for transdermal application (e.g., a 
skin patch) in combination with, or impregnated with, one or 
more modulating agents. A drug may additionally be 45 
included within such kits. 

Within a related aspect, the use of modulating agents as 
described herein to increase skin permeability may also 
facilitate sampling of the blood compartment by passive 
diffusion, permitting detection and or measurement of the so 
levels of specific molecules circulating in the blood. For 
example, application of one or more modulating agents to 
the skin, via a skin patch as described herein, permits the 
patch to function like a sponge to accumulate a small 
quantity of 11 11 id containing a representative sample of the 55 
serum. The patch is then removed after a specified amount 
of time and analyzed by suitable techniques for the com- 
pound of interest (e.g., a medication, hormone, growth 
factor, metabolite or marker). Alternatively, a patch may be 
impregnated with reagents to permit a color change if a 60 
specific substance (e.g. an enzyme) is detected. Substances 
that can be detected in this manner include, but are not 
limited to, illegal drugs such as cocaine, HIV enzymes, 
glucose and PSA. This technology is of particular benefit for 
home testing kits. 65 

Within a further aspect, methods are provided for enhanc- 
ing delivery of a drug to a tumor in a mammal, comprising 
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administering a modulating agent in combination with a 
drug to a tumor-bearing mammal. Preferred modulating 
agents for use within such methods include 
H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
CLYHYC -OH (SEQ ID NO:3) and modulating agents com- 
prising such sequences or derrvatives thereof. Preferred 
antibody modulating agents include Fab fragments directed 
against either H-QYLYHYCVVD-OH (SEQ ID NO:2) or 
H- CLYHYC -OH (SEQ ID NO:3). In one particularly pre- 
ferred embodiment, a modulating agent is capable of dis- 
rupting cell adhesion mediated by multiple adhesion mol- 
ecules. For example, a single branched modulating agent (or 
multiple agents linked to a single molecule or support 
material) may disrupt occludin, classical cadherin, integrin, 
and nonclassical cadherin (e.g., Dsc and Dsg) mediated cell 
adhesion, thereby disrupting tight junctions, adherens 
junctions, and desmosomes. Multifunctional modulating 
agents comprising an occludin CAR sequence linked to an 
RGD sequence and/or CAR sequence(s) for one or more of 
a classical cadherin, claudin or nonclassical cadherin (e.g., 
OB-cadherin, VE-cadherin, dsc or dsg) may be used to 
disrupt cell adhesion. Alternatively, a separate modulator of 
non-occludin-mediated cell adhesion may be administered 
in conjunction with the modulating agent(s), either within 
the same pharmaceutical composition or separately. Pre- 
ferred antibody modulating agents that may be used in 
conjunction with the occludin modulating agents include 
I ah Iragmcnts directed against either an N-cadhcrin CAR 
sequence (such as FHLRAHAVDINGNQV-NH 2 ; SEQ ID 
NO:4) or an E-cadherin CAR sequence LFSHAVSSNG- 
NH 2 (SEQ ID NO:39). 

Preferably, the modulating agent and the drug are formu- 
lated within the same composition or drug delivery device 
prior to administration. In general, a modulating agent may 
enhance drug delivery to any tumor, and the method of 
administration may be chosen based on the type of target 
tumor, for example, injection or topical administration as 
described above may be preferred for melanomas and other 
accessible tumors (e.g., metastases from primary ovarian 
tumors may be treated by flushing the peritoneal cavity with 
the composition). Other tumors (e.g., bladder tumors) may- 
be treated by injection of the modulating agent and the drug 
(such as mitomycin C) into the site of the tumor. In other 
instances, the composition may be administered 
systemically, and targeted to the tumor using any of a variety 
of specific targeting agents. Suitable drugs may be identified 
by those of ordinary skill in the art based upon the type of 
cancer to be treated (e.g., mitomycin C for bladder cancer). 
In general, the amount of modulating agent administered 
varies with the method of administration and the nature of 
the tumor, within the typical ranges provided above, pref- 
erably ranging from about 1 /ig/mL to about 2 mg/mL, and 
more preferably from about f 0 ^g/mL to 1 mg/mL. Transfer 
of the drug to the target tumor may be evaluated by 
appropriate means that will be apparent to those of ordinary 
skill in the art. Drugs may also be labeled (e.g., using 
radionuclides) to permit direct observation of transfer to the 
target tumor using standard imaging techniques. 

Within a related aspect, the present invention provides 
methods for treating cancer and or inhibiting metastasis in a 
mammal. Cancer tumors arc solid masse-, of cells, growing 
out of control, which require nourishment via blood vessels. 
The formation of new capillaries is a prerequisite for tumor 
growth and the emergence of metastases. Administration of 
modulating agents as described herein may disrupt the 
growth of such blood vessels, thereby providing effective 
therapy for the cancer and/or inhibiting metastasis. Modu- 
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kiting agents may also be used to treat leukemias. Preferred 
modulating agents for use within such methods include 
H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
CLYHYC -OH (SEQ ID NO:3) and modulating agents com- 
prising such sequences or derivatives thereof. Preferred 5 
antibody modulating agents include fab fragments directed 
against either H-QYLYHYCVVD-OH (SEQ ID NO:2) or 
H- CLYHYC -OH (SEQ ID NO: 3). In one particularly pre- 
ferred embodiment, a modulating agent is capable of dis- 
ruptiug cell adhesion mediated bv multiple- adhesion mol- ,,, 
ecules. For example, a single branched modulating agcnl (or 
multiple agents linked to a single molecule or support 
material) may disrupt occludin, classical cadherin, integral, 
Dsc and Dsg mediated cell adhesion, thereby disrupting 
tight junctions, adherens junctions, focal contacts and des- 15 
mosomes. Multifunctional modulating agents comprising 
the occludin CAR sequence linked to one or more of a 
claudin CAR sequence, VE-cadherin CAR sequence, dsc 
CAR sequence, dsg CAR sequence, RGD sequence, 
OB-cadherin CAR sequence and/or IIAV sequence may be 20 
used to disrupt cell adhesion. Alternatively, a separate modu- 
lator of non-occludin-mediated cell adhesion may be admin- 
istered in conjunction with the modulating agent(s), either 
within the same pharmaceutical composition or separately. 
Preferred antibody modulating agents that may be used in 2s 
conjunction with the occludin modulating agents include 
Fab fragments directed against either an N-cadherin CAR 
sequence, such as FHLRAHAVD1NGNQV-NH 2 (SEQ ID 
NO:4), or an E-cadherin CAR sequence, such as 
LFSHAVSSNG-NH 2 (SEQ ID NO:39). A modulating agent 30 
may be administered alone (e.g., via the skin) or within a 

as described above may be preferred. For ovarian cancers, 
Hushing the peritoneal cavity with a composition comprising 35 
one or more modulating agents may prevent metastasis of 
ovarian tumor cells. Other tumors (e.g., bladder tumors, 
bronchial tumors or tracheal tumors) may be treated by 
injection of the modulating agent into the cavity. In other 
instances, the composition may be administered 40 
system icnlly, and largeted to the tumor using any of a variety 
of specific targeting agents, as described above. In general, 
the amount of modulating agent administered varies depend- 
ing upon the method of administration and the nature of the 
cancer, but may vary within the ranges identified above. The 45 
effectiveness of the cancer treatment or inhibition of 
metastasis may be evaluated using well known clinical 
observations, such as monitoring the level of serum tumor 
markers (e.g., CEA or PSA). 

Within a furl her relaled aspeil. a modulating agent may be sn 
used 10 i nil ib it angiogenesis (i.e.. the growth of blood vessels 
from pre-existing blood vessels) in a mammal. Inhibition of 
angiogenesis may be beneficial, for example, in patients 
afflicted with diseases such as cancer or arthritis. Preferred 
modulating agents for use within such methods include 55 
H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
CLYHYC -OH (SEQ ID NO:3) and modulating agents com- 
prising such sequences or derivatives thereof. Preferred 
antibody modulating agents include Fab fragments directed 
against either H-QYLYHYCVVD-OH (SEQ ID NO:2) or 60 
H- CLYHYC -OH (SEQ ID NO: 3). In one particularly pre- 
ferred embodiment, a modulating agent is capable of dis- 
rupting cell adhesion mediated by multiple adhesion mol- 
ecules. For example, a single branched modulating agent (or 
multiple agents linked to a single molecule or support 65 
material) may disrupt occludin, classical cadherin, and inte- 
grin mediated cell adhesion, thereby disrupting tight 
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junctions, adherens junctions, and focal contacts. Multifunc- 
tional modulating agents comprising the occludin CAR 
sequence linked to one or more of a claudin CAR sequence, 
VE-cadherin CAR sequence, dsc CAR sequence, dsg CAR 
sequence, RGD sequence, and or HAV sequence may be 
used to disrupt cell adhesion. Alternatively, a separate modu- 
lator of non-occludin-mediated cell adhesion may be admin- 
istered in conjunction with the modulating agent(s), either 
within the same pharmaceutical composition or separately. 
Preferred antibody modulating agents that may be used in 
conjunction with the occludin modulating agents include 
Fab fragments directed against an N-cadherin CAR 
sequence, such as FHLRAHAVDINGNQV-NH, (SEQ ID 
NO:4). 

The effect of a particular modulating agent on angiogen- 
esis may generally be determined by evaluating the effect of 
the agent on blood vessel formation. Such a determination 
may generally be performed, for example, using a chick 
chorioallantoic membrane assay (Iruela-Arispe et al., 
Molecular Biology of the Cell 6:327-343, 1995). Briefly, a 
modulating agent may be embedded in a mesh composed of 
vitrogen at one or more concentrations (e.g., ranging from 
about 5 to 50 //g/mesh). The mesh(es) may then be applied 
to chick chorioallantoic membranes. After 24 hours, the 
effect of the modulating agent may be determined using 
computer assisted morphometric analysis. A modulating 
agent should inhibit angiogenesis by at least 25% at a 
concentration of 50 fig/mesh. 

The addition of a targeting agent as described above may 
be beneficial, particularly when the administration is sys- 
temic. Suitable modes of administration and dosages depend 
upon the condition to be prevented or treated but, in general, 

vary as described above. The effectiveness of the inhibition 
may be evaluated grossly by assessing the inability of the 
tumors to maintain their growth and microscopically by 
observing an absence of nerves at the periphery of the tumor. 

In yet another related aspect, the present invention pro- 
vides methods for inducing apoptosis in an occludin- 
expressing cell. In general, patients afflicted with cancer 
may benefit from such treatment. Preferred modulating 
agents for use within such methods include 
H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
CLYHYC -OH (SEQ ID NO:3) and modulating agents com- 
prising such sequences or derivatives thereof. Preferred 
antibody modulating agents include Fab fragments directed 
against either H-QYLYHYCVVD-OH (SEQ ID NO:2) or 
II- CLYIIYC -OH (SEQ ID NO:3). In one particularly pre- 
ferred embodiment, a modulating agent is capable of dis- 
rupting cell adhesion mediated by multiple adhesion mol- 
ecules, for example, a single branched m idulating agent (or 
multiple agents linked to a single molecule or support 
material) may disrupt occludin, classical cadherin, and inte- 
gral mediated cell adhesion, thereby disrupting tight 
junctions, adherens junctions, and focal contacts. Multifunc- 
tional modulating agents comprising the occludin CAR 
sequence linked to one or more of a claudin CAR sequence, 
nonclassical cadherin CAR sequence (e.g., VE-cadherin, 
OB-cadherin, dsc or dsg), RGD sequence, and/or HAV 
sequence may be used to disrupt cell adhesion. Alternatively, 
a separate modulator of non-occludin-mediated cell adhe- 
sion may be administered in conjunction with the modulat- 
ing agent(s), either within the same pharmaceutical compo- 
sition or separately. Preferred antibody modulating agents 
that may be used in conjunction with the occludin modu- 
lating agents include Fab fragments directed against either 
an N-cadherin CAR sequence, such as 
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FHLRAHAVDINGNQV-NH 2 (SEQ ID NO:4), or an 
E-cadherin CAR sequence, such as LFSHAVSSNG-NH 2 
(SEQ ID NO:39). 

Administration of modulating agents to induct apoptosis 
may be topical, via injection or by other means, and the 5 
addition of a targeting agent may be beneficial, particularly 
when the administration is systemic. Suitable modes of 
administration and dosages depend upon the location and 
nature of the cells for which induction of apoptosis is desired 
but, in general, dosages may vary as described above. A 10 
biopsy may be performed to evaluate the level of induction 
of apoptosis. 

The present invention also provides methods for enhanc- 
ing drug delivery to the central nervous system of a mam- 
mal. The blood/brain barrier is largely impermeable to most 15 
neuroactive agents, and delivery of drugs to the brain of a 
mammal often requires invasive procedures. Using a modu- 
lating agent as described herein, however, delivery may be 
by, for example, systemic administration of a modulating 
agent-drug-targeting agent combination, injection of a 2 o 
modulating agent (alone or in combination with a drug 
and/or targeting agent) into the carotid artery or application 
of a skin patch comprising a modulating agent to the head of 
[lie patient. Certain preferred modulating agents for use 
within such methods are H-QYLYHYCVVD-OH (SEQ ID 
NO:2) and H- CLYHYC -OH (SEQ ID NO:3) and modulat- 
ing agents comprising such sequences or derivatives thereof. 
Preferred antibody modulating agents include Eab fragments 
directed against either H-QYLYHYCVVD-OH (SEQ ID 
NO:2) or H- CLYHYC -OH (SEQ ID NO:3). In one particu- 30 
larly preferred embodiment, a modulating agent is capable 
of disnipting cell adhesion mediated by multiple adhesion 
molecules. For example, a single branched modulating agent 
(or multiple agents linked to a single molecule or support 
material) may disrupt occludin and cadherin mediated cell 35 
adhesion, thereby disrupting tight junctions and adherens 
junctions. Multifunctional modulating agents comprising 
the occludin CAR sequence linked to one or more of a 
claudin CAR sequence, VE-cadherin CAR sequence, 
OB-cadherin CAR sequence and/or HAV sequence may be 40 
used to disrupt cell adhesion. Alternatively, a separate modu- 
lator of non-occludin-medialcd cell adhesion may be admin- 
istered in conjunction with the modulating agent(s), either 
within the same pharmaceutical composition or separately. 
Preferred antibody modulating agents that may be used in 45 
conjunction with the occludin modulating agents include 
Fab fragments directed against the N-cadherin CAR 
sequence FHLRAHAVDINGNQV-NH 2 (SEQ ID NO:4). 

In general, the amount of modulating agent administered 
varies as described above, and with the method of admin- 50 
istration and the nature of the condition to be treated or 
prevented. Transfer of the drug to the central nervous system 
may be evaluated by appropriate means that will be apparent 
to those of ordinary skill in the art, such as magnetic 
resonance imaging (MRI) or PET scan (positron emitted 55 
tomography). 

Within further aspects, modulating agents as described 
herein may be used for modulating the immune system of a 
mammal in any of several ways. Modulating agents may 
generally be used to modulate specific steps \\ itliin cellular 60 
interactions during an immune response or during the dis- 
semination of malignant lymphocytes. For example, a 
modulating agent as described herein may be used to treat 
diseases associated with excessive generation of otherwise 
normal T cells. Without wishing to be bound by any par- 65 
ticular theory, it is believed that the interaction of occludin 
on maturing T cells and B cell subsets contributes to 
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protection of these cells from programmed cell death. A 
modulating agent may decrease such interactions, leading to 
the induction of programmed cell death. Accordingly, modu- 
lating agents may be used to treat certain types of diabetes 
and rheumatoid arthritis, particularly in young children 
where the cadherin expression on thymic pre-T cells is 
greatest. 

Modulating agents may also be administered to patients 
afflicted with certain skin disorders (such as cutaneous 
lymphomas), acute B cell leukemia and excessive immune 
reactions involving the humoral immune system and gen- 
eration of immunoglobulins, such as allergic responses and 
antibody-mediated graft rejection. In addition, patients with 
circulating cadherin-positive malignant cells (e.g., during 
regimes where chemotherapy or radiation therapy is elimi- 
nating a major portion of the malignant ceils in bone marrow 
and other lymphoid tissue) may benefit from treatment with 
a modulating agent. Such treatment may also benefit patients 
undergoing transplantation with peripheral blood stem cells. 

Certain preferred modulating agents for use within such 
methods include those that comprise one or more additional 
CAR sequences, such as a claudin CAR sequence, HAV, 
RGD, a VE-cadherin CAR sequence and/or KYSFNYDGSE 
(SEQ ID NO:ll). As noted above, such additional sequence 
(s) may be separated from an occludin CAR sequence via a 
linker. Alternatively, a separate modulator of cadherin-, 
claudin-. integrin- and or N-CAM-mediated cell adhesion 
may be administered in conjunction with the modulating 
agent(s), either within the same pharmaceutical composition 
or separately. 

Within the above methods, the modulating agent(s) are 
preferably administered systemically (usually by injection) 
or topically. A modulating agent may be linked to a targeting 
agent. For example, targeting to the bone marrow may be 
beneficial. A suitable dosage is sufficient to effect a statis- 
tically significant reduction in the population of B and/or T 
cells that express cadherin and/or an improvement in the 
clinical manifestation of the disease being treated. Typical 
dosages generally range as described above. 

In certain other aspects, the present invention provides 
methods for enhancing adhesion of occludin-expressing 
cells. Within certain embodiments, a modulating agent may 
be linked to a solid support, resulting in a matrix that 
comprises multiple modulating agents. Within one such 
embodiment, the support is a polymeric matrix to which 
modulating agents and molecules comprising other CAR 
sequence(s) are attached (e.g., modulating agents and mol- 
ecules comprising HAV and RGD sequences may be 
attached to the same matrix, preferably in an alternating 
pattern). Such matrices may be used in contexts in which it 
is desirable to enhance adhesion mediated by multiple cell 
adhesion molecules. Alternatively, the modulating agent 
itself may comprise multiple occludin CAR sequences or 
antibodies (or fragments thereof), separated by linkers as 
described above. Either way, the modulating agent(s) func- 
tion as a "biological glue" to bind multiple occludin- 
expressing cells within a variety of contexts. 

Within one such aspect, modulating agents comprising 
multiple occludin CAR sequences and/or multiple modulat- 
ing agents linked to a single molecule or support material 
may be used to enhance wound healing and/or reduce scar 
tissue in a mammal. Peptides that may be linked to a support, 
and/or to one another via a linker, to generate a suitable 
modulating agent include, but are not limited to, 
H-QYLYHYCVVD-OH (SEQ ID NO:2) and H- 
CLYHYC -OH (SEQ ID NO:3) and modulating agents com- 
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prising such sequences or derivatives thereof. Preferred 
antibody modulating agents include Fab fragments directed 
against either H-QYLYHYCVVD-OH (SEQ ID NO:2) or 
H- CLYHYC -OH (SEQ ID NO:3). Modulating agents that 
are linked to a biocompatible and biodegradable matrix such 
as cellulose or collagen are particularly preferred. For use 
within such methods, a modulating agent should have a free 
amino or hydroxyl group. The modulating agents are gen- 
erally administered topically to the wound, where they may 
facilitate closure of the wound and may augment, or even 
replace, stitches. Similarly, administration of matrix-linked 
modulating agents may facilitate cell adhesion in skin graft- 
ing and prosthetic implants, and may prolong the duration 
and usefulness of collagen injection. In general, the amount 
of matrix-linked modulating agent administered to a wound, 
graft or implant site varies with the severity of the wound 
and/or the nature of the wound, graft, or implant, but may 
vary as discussed above. Multifunctional modulating agents 
comprising the occludin CAR sequence linked to one or 
more of a claudin CAR sequence, nonclassical cadherin 
CAR sequence (e.g., VE-cadherin, OB-cadherin, dsc or 
dsg), RGD sequence, and/or HAV sequence may be used as 
potent stimulators of wound healing and/or to reduce scar 
tissue. Alternatively, one or more separate modulators of 
cadherin-, claudin-, integrin-, Dsc- and/or Dsg-mediated cell 
adhesion may be administered in conjunction with the 
modulating agent(s), either within the same pharmaceutical 
composition or separately. 

Within another aspect, one or more modulating agents 
may be linked to the interior surface of a tissue culture plate 
or other cell culture support, such as for use in a bioreactor. 
Such linkage may be performed by any suitable technique, 
as described above. Modulating agents linked in this fashion 
may generally be used to immobilize occludin-expressing 

cells, for example, dishes or plates coaled with one or more 
modulating agents may be used to immobilize occludin- 
expressing cells within a variety of assays and screens. 
Within bioreaclors (i.e., systems for large scale production 
of cells or organoids), modulating agents may generally be 
used to improve cell attachment and stabilize cell growth. 
Modulating agents may also be used within bioreactors to 
support the formation and function of highly differentiated 
organoids derived, for example, from dispersed populations 
of fetal mammalian cells. Bioreactors containing biomatri- 
ces of modulating agent(s) may also be used to facilitate the 
production of specific proteins. 

Modulating agents as described herein may be used 
within a variety of bioreactor configurations. In general, a 
bioreactor is designed with an interior surface area sufficient 
to support large numbers of adherent cells. This surface area 
can be provided using membranes, tubes, microtiter wells, 
columns, hollow fibers, roller bottles, plates, dishes, beads 
or a combination thereof . A bioreactor may be compartmen- 
talized. The support material within a bioreactor may be any 
suitable material known in the art; preferably, the support 
material does not dissolve or swell in water. Preferred 
support materials include, but are not limited to, synthetic 
polymers such as acrylics, vinyls, polyethylene, 
polypropylene, polytetrafluoroethylene, nylons, 
polyurethanes, polyamides, polysulfones and poly(ethylene 
terephthalate); ceramics; glass and silica. 

Within certain aspects, modulating agents maybe used to 
stimulate the formation of epithelial cell tight junctions. It 
has been found, within the context of the present invention, 
that certain peptide modulating agents that inhibit adhesion 
of endothelial cells, may stimulate adhesion of epithelial 
cells. Such agents include H-QYLYHYCVVD-COOH (SEQ 
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ID NO:2) and N-Ac- CLYHYC -NH 2 (SEQ ID NO:3), and 
other such agents may be readily identified using the assays 
provided herein. Agents that stimulate adhesion of epithelial 
cells may be used in any context in which such selective 

5 stimulation is desirable. For example, diarrhea is known to 
be the result of toxins that break down tight junctions in 
intestinal epithelial cells (sec, e.g., Philpott ct af. Infect. 
Immun. 66:1680-1687, 1998; Spitz et al., Am. J. Physiol. 
268:G374-379, 1995; Fasano et al., Proc. Natl. Acad. Sci. 

to USA, 88:5242-5246, 1991). Modulating agents that stimu- 
late tight junction formation maybe administered to patients 
as described herein to inhibit diarrhea. Such agents may, for 
example, be administered orally. 

Other aspects of the present invention provide methods 

IS that employ antibodies raised against the modulating agents 
for diagnoslic and assay purposes. Assays typically involve 
using an antibody to detect the presence or absence of 
occludin (free or on the surface of a cell), or proteolytic 
fragment containing the EC2 domain in a suitable biological 

20 sample, such as tumor or normal tissue biopsies, blood, 
lymph node, serum or urine samples, or other tissue, 
homogenate, or extract thereof obtained from a patient. 

There are a variety of assay formats known to those of 
ordinary skill in the art for using an antibody to detect a 

25 target molecule in a sample. See, e.g., Harlow and Lane, 
Antibodies: A Laboratory Manual, Cold Spring Harbor 
1 ab( iratory, 1 988. i or example, the assay may be performed 
in a Western blot format, wherein a protein preparation from 
the biological sample is submitted to gel electrophoresis, 

30 transferred to a suitable membrane and allowed to react with 
the antibody. The presence of the antibody on the membrane 
may then be detected using a suitable detection reagent, as 
described below. 

3S In another embodiment, the assay involves the use of 
antibody immobilized on a solid support to bind to the target 
occludin, or a proteolytic fragment containing the EC2 
domain and encompassing the CAR sequence, and remove 
it from the remainder of the sample. The bound occludin 

40 may then be detected using a second antibody or reagent that 
contains a reporter group. Alternatively, a competitive assay 
may be utilized, in which the occludin is labeled with a 
reporter group and allowed to bind to the immobilized 
antibody after incubation of the antibody with the sample. 

45 The extent to which components of the sample inhibit the 
binding of the labeled occludin to the antibody is indicative 
of the reactivity of the sample with the immobilized 
antibody, and as a result, indicative of the level of the 
occludin in the sample. 

50 The solid support may be any material known to those of 
ordinary skill in the art to which the antibody may be 
attached, such as a test well in a microtiter plate, a nitro- 
cellulose filter or another suitable membrane. Alternatively, 
the support may be a bead or disc, such as glass, fiberglass, 

55 latex or a plastic such as polystyrene or polyvinylchloridc. 
The antibody may be immobilized on the solid support using 
a variety of techniques known to those in the art, which are 
amply described in the patent and scientific literature. 
In certain embodiments, the assay for detection of occlu- 

••» 1 din in a sample is a two-antibody sandw ich assay, litis assay 
may be performed In firs contacting an antibody thai has 
been immobilized on a solid support, commonly the well of 
a microtiter plate, with the biological sample, such that the 
occludin within the sample is allowed to bind to the immo- 

65 bilized antibody (a 30 minute incubation time at room 
temperature is generally sufficient). Unbound sample is then 
removed from the immobilized oecludin-antibody com- 
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plexes and a second antiboch (containing a reporter group 
such as an enzyme, dye, radionuclide, luminescent group, 
fluorescent group or biotin) capable of binding to a different 
site on the occludin is added. The amount of second antibody 
that remains bound to the solid support is then determined 
using a method appropriate for the specific reporter group. 
The method employed for detecting the reporter group 
depends upon the nature of the reporter group. For radio- 
active groups, scintillation counting or autoradiographic 
methods are generally appropriate. Spectroscopic methods 
may be used to detect dyes, luminescent groups and fluo- 
rescent groups. Biotin may be detected using avidin, coupled 
to a different reporter group (commonly a radioactive or 
fluorescent group or an enzyme). Enzyme reporter groups 
may generally be detected by the addition of substrate 
(generally for a specific period of time), followed by spec- 
troscopic or other analysis of the reaction products. Stan- 
dards and standard additions may be used to determine the 
level of occludin in a sample, using well known techniques. 

The present invention also provides kits lor use in such 
immunoassays. Such kits generally comprise one or more 
antibodies, as described above. In addition, one or more 
additional compartments or containers of a kit generally 
enclose elements, such as reagents, buffers and/or wash 
solutions, to be used in the immunoassay. 

Within further aspects, modulating agents or antibodies 
(or fragments thereof) may be used to facilitate cell identi- 
fication and sorting in vitro or imaging in vivo, permitting 
the selection of cells expressing occludin (or different occlu- 
din levels). Preferably, the modulating agent(s) or antibodies 
for use in such methods are linked to a detectable marker. 
Suitable markers are well known in the art and include 
radionuclides, luminescent groups, fluorescent groups, 
enzymes, dyes, constant immunoglobulin domains and 
biotin. Within one preferred embodiment, a modulating 
agent linked to a fluorescent marker, such as fluorescein, is 
contacted with the cells, which are then analyzed by fluo- 
rescence activated cell sorting (FACS). 

Antibodies or fragments thereof may also be used within 
screens of combinatorial or other nonpeptide-based libraries 
to identify other compounds capable of modulating 
occludin-mediated cell adhesion. Such screens may gener- 
ally be performed using an ELISA or other method well 
known to those of ordinary skill in the art that detect 
compounds with a shape and structure similar to that of the 
modulating agent. In general, such screens may involve 
contacting an expression library producing test compounds 
with an antibody, and delecting the level of antibody bound 
to the candidate compounds. Compounds for which the 
antibody has a higher affinity may be further characterized 
as described herein, to evaluate the ability to modulate 
occludin-mediated cell adhesion. 

The following Examples are offered by way of illustration 
and not by way of limitation. 



Preparation of Representative Cyclic Peptides 

This Example illustrates the solid phase synthesis of 
representative linear and cyclic peptides as modulating 

The peptides were assembled on methylbenzhydrylamine 
resin (MBHA resin) for the C-terminal amide peptides. The 
traditional Merrifield resins were used for any C-terminal 
acid peptides. Bags of a polypropylene mesh material were 
filled with the resin and soaked in dichlorome thane. The 
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resin packets were washed three times with 59t diisopropy- 
lethylamine in dichloromethane and then washed with 
dichloromethane. The packets are then sorted and placed 
into a Nalgene bottle containing a solution of the amino acid 

5 of interest in dichloromethane. An equal amount of diiso- 
propylcarbodiimide (IMC) in dichloromethane was added to 
activate the coupling reaction. The bottle was shaken for one 
hour to ensure completion of the reaction. The reaction 
mixture was discarded and the packets washed with DMF. 

10 The N-a-Boc was removed b\ acidolvsis using a 55' < I I A 
in dichloromethane for 30 minutes leaving the TFA salt of 
the a-amino group. The bags were washed and the synthesis 
completed by repeating the same procedure while substitut- 
ing for the corresponding amino acid at the coupling step. 

15 Acetylation of the N-terminal was performed by read ing l he 
peptide resins with a solution of acetic anhydride in dichlo- 
romethane in the presence of diisopropylethylamine. The 
peptide was then side-chain deprotected and cleaved from 
the resin at 0° C. with liquid HF in the presence of anisole 

20 as a carbocation scavenger. 

The crude peptides were purified by reversed-phase high- 
performance liquid chromatography. Purified linear precur- 
sors of the cyclic peptides were solubili/cd in 75'? acetic 
acid at a concentration of 2-10 mg/mf. A 10% solution of 

25 iodine in methanol was added dropwisc until a persistent 
coloration was obtained. A 5% ascorbic acid solution in 
water was then added to the mixture until discoloration. The 
disulfide bridge containing compounds were then purified 
by HPLC and characterized by analytical HPLC and by 

30 mass spectral analysis. 

EXAMPLE 2 



This Lxamplc illustrates an endothelial cell adhesion 
assay for evaluating the effects of occludin-modulating 
agents on endothelial cell adhesion. 

A. Cell Culture 

40 Human aortic endothelial cells (HAEC) were cultured on 
fibronectin (Sigma, St. Louis, Mo.) according to the proce- 
dures of Jaffe et al., /. Clin. Invest. 52:21 45-21 5b, 1973. 
Cells were maintained in FGM (endothelial cell growth 
medium; ( 'lonelics. San Diego. Calif.) and used for cxperi- 

45 ments at passage 4. 

B. Occludin and VE-cadherin lmmunolocalization Methods 
HAEC were cultured on fibronectin-coated coverslips. 

Confluent cultures of HAEC were exposed to linear peptides 
(final concentration 100 /<g/ml EGM), or EGM alone for 1 

50 hour. Tie cells were then>ixcd for 30 minutes al 4° C. in 
')5'/r ethanol, followed by fixation in acetone lor 1 minute at 
4° C. (Furuse et al, /. Cell Biol. 123:1777-f788, 1993). 
After fixation, the cells were allowed to air dry at room 
temperature. The cells were probed with either mouse anti- 

55 VE-cadherin antibodies (Hemeris, Sassenage, France; 
diluted 1:250 in 0.1% dried skim milk powder dissolved in 
PBS), or rabbit anti-occludin antibodies (Zymed, South San 
Francisco, Calif.; diluted 1:300 in 0.1% dried skim milk 
powder dissolved in PBS) for 1 hour at 37° C. The cells were 

'•• • then washed with 0. 1 ' , dried shim milk powder dissolved in 
PBS (three washes, 5 minutes/wash), and probed with 
secondary antibodies (donkey anti-mouse Cy3, or donkey 
anti-rabbit Cy5 diluted 1:250 in 0.1% dried skim milk 
powder dissolved in PBS; Jackson Immunoresearch Labo- 

65 ratories Inc., Westgrove, Pa.) for 1 hour at 37° C. The cells 
were washed again with in 0.1% dried skim milk powder 
dissolved in PBS and mounted in a solution composed of 
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50'* glycerol and 50% PBS to which phenylenediamine The effects of injecting either phosphate buffered saline, 

(Sigma, St. Louis, Mo.) had been added to a final concen- phosphate buffered saline containing acetyl- CLYHYC -NH 2 

tration of f mg/ml. The sample were analyzed using a (SEQ ID NO:3) or H- CLYHYC -OH (SEQ ID NO:3) into 

Bio-Rad MRC 1000 confocal microscope with Laser Sharp sites the shaved back of a rat on the accumu l at ion of 

software version 2.1T (Bio-Rad, Hercules Calif ). Staining 5 £vans Wue at ^ injection sit£s is shown in mG ? FIG. 8 

lor occhidrn was assigned the pseudo-color red, whereas . , . ' . . ,. . , ... ,. .. 

.„ ,, . . . . & r , , snows a histogram depicting the optical densities ol dim- 

VL-cadhenn starnrng was assigned pseudo-color green , „ . f , r , • , • 

using ( mli" 1 1 \ssistam U)2 .oliwaa Immnnolluores- ethylformamrde extracts prepared from the excised srtes of 

cence photographs of monolayer cultures of human aortic the shaved back of a rat that received injections of either 

endothelial cells immunolabeled for occludin (red color) and to phosphate buffered saline, phosphate buffered saline con- 

VE-cadherin (green color) are shown in FIGS. 4A and 4B. taining ace ty 1- CLYH YC -NH 2 (SEQ ID NO:3), or H- 

Colocalization of occludin and VE-cadherin is indicated by CLYHYC -OH (SEQ ID NO:3) at a concentration of 100 

the yellow color. Arrows indicate gaps between the cells. /<g/ml, followed 15 minutes later by a single injection of 

Note that the endothelial cells retract from one another when Evans blue into the tail vein. Note that more dye was 

cultured in the presence of H-QYLYHYCVVD-OH (SEQ 15 extracted from the sites injected with H- CLYHYC -OH 

II) N():2; FIG. 4li), indicating that adhesion is decreased (SL() [D N() .^_ lhan |n)m s ; |cs in j cclcd willl either phos- 

between the cells. Furthermore, the cells do not form phatc bullcrcd salinc . or acctvl- t 1 Yl IYC -N1L (SEQ II) 

cobblestone-like monolayers when exposed to this peptide. NO-3) 
Also note that surface expression of both VL-eadherin and 

occludin is greatly reduced in the cells treated with 20 

H-QYLYHYCVVD-OH (SEQ ID NO:2), as compared to EXAMPLE 4 
the VE-cadherin and occludin levels expressed by untreated 



EXAMPLE 3 



Effect of Representative Modulating Agents on 
Electrical Resistance Across Cell Monolayer 



Effect of Representative Modulating Agents on 
Vasopermeability 

This Example illustrates an electrical resistance assay for 

This Example illustrates a vasopermeability assay for evaluating the effects of occludin-modulating agents on 

evaluating the effects of occludin-modulating agents on 30 epithelial cell adhesion, 
endothelial cell permeability in vivo. 
A. Miles Assay for Vascular Permeability 

The ability of cyclic and linear peptides to increase Madin Darby canine kidney (MDCK) cells were plated in 

vascular permeability was assessed utilizing the Miles assay Millicells (Millipore, Bedford, Mass.), at a density of 300, 

(McClure et al., J. Pharmacological & Toxicological Meth. 35 000 cells P er Millicell, and cultured in Dulbecco's Modified 

32:49-521994). The peptides were dissolved in phosphate Eagle Medium (DMEM; Sigma, St. Louis, Mo.) containing 

buffered saline (PBS) at a concentration of 100 t/g/ml. Adult 5% fetal calf serum (Sigma, St. Louis, Mo.). Monolayers 

rats were given 100//1 subdermal injections of each peptide were exposed to the modulating agent dissolved in medium 

solution into their shaved backs, followed 15 minutes later at a final concentration of 0.5 mg/ml for a period of 24 hours, 

by a single 250 /il injection of 1% Evans blue dissolved in 40 The electrical resistance was measured using the EVOM 

PBS into their tail veins. The subdermal injection sites were device (World Precision Instruments, Sarasota, Fla.). At the 

visually monitored for lire appearance of blue dye. Once the time of measurement, fresh medium, with or without the 

dye appeared (15 minutes after injection), each subdermal modulating agent, may be added to the Millicells. 
injection site was excised, weighed, and placed in 1 ml 
dimclhylformamidc for 24 hours to extract the dye. The 45 



optical density of the dye extracts was determined a 



i histogram depicting the mean electrical 



_n. The effects of injecting either phosphate buffered saline, resistance across MDCK cell monolayers cultured for 24 
phosphate buffered saline containing acetyl- hours in medium alone (Control), or medium containing 
Q YLYH YC WD - NH 2 (SEQ ID NO:2) H-QYLYHYCVVD-NH 2 (SEQ ID NO:2; Peptide 2), 
H-QYLYH YC VVD-NH 2 (SEQ ID NO:2), or 50 H-QYLYHYCVVD-COOH (SEQ ID NO:2; Peptide 3) or 
H-QYLYHYCVVD-OH (SEQ ID NO:2) into sites along the N-Ac- CLYHYC -NH 2 (SEQ ID NO:3; Peptide 4) at a con- 
shaved back of a rat on the accumulation of Evans blue at the centration of 0.5 mg/ml. Duplicate measurements were 
injection sites is shown in FIG. 5. Note that more blue dye taken, and error bars represent the standard deviation. Pep- 
has accumulated at the sites where the peptide tide 2 was found to reduce the electrical resistance, while 
H-QYLYHYCVVD-OH (SEQ ID NO:2) was injected, as 55 peptides 3 and 4 increased the electrical resistance across the 
opposed to the sites where either phosphate buffered saline, monolayer, relative to the control. These results demonstrate 
phosphate buffered saline containing acetyl- the ability of occludin modulating agents to modulate the 
Q YLYHYC WD - NH 2 (SEQ ID NO:2), or formation of tight junctions in epithelial cells. In particular, 
H-QYLYHYCWD-NH 2 (SEQ ID NO:2) were injected certain a „ , I, above) stimulate tl 

FIG. 6 shows a histogram depicting the optical densities 60 formation of tight junctions in epithelial cells, 
of dimethylformamide extracts prepared from the excised 
injection sites shown in FIG. 5. Note that more dye was 

extracted from the sites injected with H-QYLYHYCVVD- From the foregoing, it will be evident that although 

OH (SEQ ID NO:2), than from sites injected with either specific embodiments of the invention have been described 

phosphate buffered saline, acetyl-QYLYHYCVVD-NH 2 65 herein for the purpose of illustrating the invention, various 

(SEQ ID NO:2), or H-QYLYHYCVVD-NH 2 (SEQ ID modifications may be made without deviating from the spirit 

NO: 2). and scope of the ir 



SEQUENCE LISTING 




<223> OTHER INFORMATION: Description of Artificial Sequence: Occludin 
cell adhesion recognition sequence 

<4 00> SEQUENCE: 1 



<210> SEO ID NO 2 
<211> LENGTH: 10 
<212> TYPE : PRT 

: Artificial Sequence 



<4 00> SEQUENCE: 2 

Gin Tyr Leu Tyr His Tyr Cys Val Val Asp 



<223> OTHER INFORMATION: Cyclic peptide 



<211> LENGTH: 15 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: N-cadherin 
cell adhesion recognition sequence 

<4 00> SEQUENCE: 4 

Phe His Leu Arg Ala His Ala Val Asp He Asn Gly Asn Gin Val 




<4 00> SEQUENCE: 5 

Gly Val Asn Pro Thr Ala Gin Ser Ser Gly Ser Leu Tyr Gly Ser Gin 
15 10 15 

He Tyr Ala Leu Cys Asn Gin Phe Tyr Thr Pro Ala Ala Thr Gly Leu 
20 25 30 

Tyr Val Asp Gin Tyr Leu Tyr His Tyr Cys Val Val Asp Pro Gin Glu 



-continued 

<210> SEO ID NO 6 

<211> LENGTH: 48 

<212> TYPE: PRT 

<213> ORGANISM: Mus musculus 

<4 00> SEQUENCE: 6 

Gly Vol Asn Pro Thr Ala Gin Ala Ser Gly Ser Met Tyr Gly Ser Gin 

lie Tyr Met lie Cys Asn Gin Phe Tyr Thr Pro Gly Gly Thr Gly Leu 

20 25 30 

Tyr Val Asp Gin Tyr Leu Tyr His Tyr Cys Val Val Asp Pro Gin Glu 
35 40 45 

<212> TYPE : PRT 

<213> ORGANISM: Canis sp. 

<4 00> SEQUENCE: 7 

Gly Val Aen Pro Thr Ala Gin Ala Ser Gly Ser Leu Tyr Ser Ser Gin 
He Tyr Ala Met Cys Asn Gin Phe Tyr Ala Ser Thr Ala Thr Gly Leu 

Tyr Met Asp Gin Tyr Leu Tyr His Tyr Cys Val Val Asp Pro Gin Glu 

35 40 45 

<211> LENGTH: 50 
<212> TYPE : PRT 
<213> ORGANISM: dipodomys sp. 

<4 00> SEQUENCE: 8 

Gly Val Asn Pro Arg Ala Gly Leu Gly Ala Ser Ser Gly Ser Leu Tyr 
15 10 15 

Tyr Asn Gin Met Leu Met Leu Cys Asn Gin Met Met Ser Pro Val Ala 
Gly Gly He Met Asn Gin Tyr Leu Tyr His Tyr Cys Met Val Asp Pro 



in cell adhes 



j Tyr His Tyr Leu Tyr His Tyr 



: Artificial Sequence 
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49 



50 



-continued 



<4 00> SEQUENCE: 10 

Gin Leu Tyr His Tyr Gin Leu Tyr His Tyr Gin Leu Tyr His Tyr 



<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion recognition sequence bound by N-cell adhesion 
molecules 

<4 00> SEQUENCE: 11 

Lys Tyr Ser Phe Asn Tyr Asp Gly Ser Glu 
1 5 10 



<210> SEQ ID NO 12 
<211> LENGTH: 9 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<400> SEQUENCE : 12 

Tyr Leu Tyr His Tyr Cys Val Val Asp 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<4 00> SEQUENCE: 13 

Leu Tyr His Tyr Cys Val Val Asp 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<4 00> SEQUENCE: 14 

Gin Tyr Leu Tyr His Tyr Cys 



<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<400> SEQUENCE: 15 



L5 





Tyr Leu Tyr His Tyr Cys 



-continued 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

adhesion modulation agent 

<4 00> SEQUENCE: 16 

Leu Tyr His Tyr Cys 



<4 00> SEQUENCE: 17 
Gin Tyr Leu Tyr His 



Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<4 00> SEQUENCE: 18 

Tyr Leu Tyr His Tyr 



ription of Artificial Seque 



adhesion modulat 
<4 00> SEQUENCE: 19 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 
1 5 10 



<213> ORGANISM: Artificial Sequence 

: Description of Artificial Seque 

Cys Asp Gly Tyr Pro Lys Asp Cys Lys Gly 

Artificial Sequence 

□ f Artificial Seque 



adhesion modulation agent 
50> SEQUENCE: 21 
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53 



54 



-continued 



Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 




1: Artificial Sequence 



I: Descriptic 



of Artificial Sequent 



Cell 



adhesion modulation agent 
<2 20> FEATURE : 

<223> OTHER INFORMATION: Cyclic Peptide 
<400> SEQUENCE: 22 

Cys Gly Asn Leu Ser Thr Cys Met Leu Gly 
1 5 10 



<210> SEQ ID NO 23 
<211> LENGTH: 9 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<4 00> SEQUENCE: 2 3 

Cys Tyr lie Gin Asn Cys Pro Leu Gly 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 

adhesion modulation agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 
<4 00> SEQUENCE: 2 4 

Cys Tyr He Gin Asn Cys Pro Leu Gly 



<210> SEQ ID NO 25 

<211> LENGTH: 6 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<223> OTHER INFORMATION: Cyclic peptide 

<400> SEQUENCE: 25 

Cys Leu Tyr His Tyr Cys 



<211> LENGTH: 6 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 




I: Cyclic peptide 



c4 00> SEQUENCE: 2 6 



-continued 

Cys Leu Tyr His Tyr Cys 



scription of Artificial Sequen 
adhesion modulation agent 
<2 20> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 

<4 00> SEQUENCE: 2 7 

Cys Gin Tyr Leu Tyr His Tyr Cys 



<223> OT 

adhesic 



Artificial Sequence 



adhesion modulation agent 
<223> OTHER INFORMATION: Cyclic peptide 
<4 00> SEQUENCE: 2 9 

Cys Tyr Leu Tyr His Tyr Cys 

1 5 

<210> SEO ID NO 30 
<211> LENGTH: 7 
<212> TYPE : PRT 



of Artificial Sequence: Cell 



Cys Tyr Leu Tyr His Tyr Cys 



<210> SEO ID NO 31 

<211> LENGTH: 6 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequen 
adhesion modulation agent 



21> NAME /KEY : MOD_RES 



6,110,747 

57 58 

-continued 



<222> LOCATION: (6) 

<223> OTHER INFORMATION: Where Xaa is beta,beta-dimethylcysteine 

<4 00> SEQUENCE: 31 

Cys Leu Tyr His Tyr Xaa 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<2 20> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<223> OTHER INFORMATION: Cyclic Peptide 

<221> NAME /KEY : MOD_RE S 

<222> LOCATION: (1) 

<223> OTHER INFORMATION: Where Xaa is beta,beta-tetramethylene cysteine 

<400> SEQUENCE: 32 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 

adhesion modulation agent 

<220> FEATURE : 

<223> OTHER INFORMATION : Cyclic peptide 

<220> FEATURE : 

<221> NAME /KEY : M0D_RE S 

<4 00> SEQUENCE: 3 3 



<211> LENGTH: 6 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<223> OTHER INFORMATION: Cyclic peptide 




<4 00> SEQUENCE: 3 4 




-continued 

<221> NAME /KEY : MOD_RE S 
<222> LOCATION: (1) 

<223> OTHER INFORMATION: beta,beta-pentamethylene-beta-mercaptopropionic 

<400> SEQUENCE: 35 

Xaa Leu Tyr His Tyr Cys 



<210> SEO ID NO 3 
<211> LENGTH: 6 
<212> TYPE : PRT 



Description of Artificial Seque 



: Cyclic peptide 
> SEQUENCE: 3 6 
Leu Tyr His Tyr Asp 



<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 
adhesion modulation agent 

<223> OTHER INFORMATION: Cyclic peptide 

<4 00> SEQUENCE: 3 7 

Lys Gin Tyr Leu Tyr His Tyr Asp 




adhesion modulation agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 



<4 00> SEQUENCE: 3 8 
Trp Gly Gly Trp 




<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Seque 
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-continued 



adhesion modulating agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 

<4 00> SEQUENCE: 4 0 

Cys Tyr Leu Tyr His Tyr Cys 



<211> LENGTH: 8 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
adhesion modulating agent P 

<4 00> SEQUENCE: 41 

Cys Gin Tyr Leu Tyr His Tyr Cys 




<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 

adhesion modulating agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic Peptide 

<400> SEQUENCE: 42 

Lys Gin Tyr Leu Tyr His Tyr Asp 




<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 

adhesion modulating agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 
<4 00> SEQUENCE: 4 3 
Tyr Leu Tyr His Tyr 




<213> ORGANISM: Artificial Sequence 

adhesion modulating agent 
<223> OTHER INFORMATION: Cyclic peptide 
<4 00> SEQUENCE: 4 4 
Gin Tyr Leu Tyr His Tyr 




-continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: Cell 

adhesion modulating agent 
<220> FEATURE : 

<223> OTHER INFORMATION: Cyclic peptide 

<400> SEQUENCE: 45 

Lys Leu Tyr His Tyr Asp 



3 any amino acid r 



FEATURE : 

<222> location: 

:y: mod_res 

)N: (37) 
<223> OTHER INFORMATION : 

<4 00> SEQUENCE : 4 6 

Gly Val Asn Pro Thr Ala Gin Xaa Gly Al. 



any amino acid r 



<aa Ser Gin He Tyr Xaa Xaa Cys Asn Gin Phe Tyr Xaa Pro X 
rhr Gly Leu Tyr Xaa Asp Gin Tyr Leu Tyr His Tyr Cys Val V 





<221> NAME /KEY : M0D_RE S 
<222> LOCATION: (3) 

<223> OTHER INFORMATION: Where Xaa is an independently selected amino 




acid residue 
<220> FEATURE: 
<221> NAME /KEY : MOD_RE S 
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-continued 

<223> OTHER INFORMATION: Where Xaa is either Serine or Arginine 

<220> FEATURE: 

<221> NAME /KEY : M0D_RE S 

<222> LOCATION: (6) 

<2 20> FEATURE : 

<221> NAME /KEY : MOD_RE S 

acid residue 
<4 00> SEQUENCE: 4 7 
Trp Xaa Xaa Xaa Xaa Xaa Xaa Gly 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<220> FEATURE: 

<221> NAME /KEY : MOD_RES 






<221> NAME/KEY: MOD_RE S 

<222> LOCATION: (7) 

<223> OTHER INFORMATION: Where Xaa is and idependently selected amino 

<220> FEATURE: 

<221> NAME/KEY: MOD_RE S 

<222> LOCATION: (8) 

<4 00> SEQUENCE: 4 8 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<2 20> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Representative claudin cell adhesion recognition 

<4 00> SEQUENCE: 4 9 
He Tyr Ser Tyr 



-continued 



<210> SEQ ID NO 50 
<211> LENGTH: 4 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequen 



<4 00> SEQUENCE: 5 
Thr Ser Ser Tyr 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Representative claudin cell adhesion recognition 

<4 00> SEQUENCE: 51 



<211> LENGTH: 4 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 



<400> SEQUENCE: 52 



What is claimed is: 40 

1. A method for identifying a compound capable of 
modulating occludin-mcdialed cell adhesion, comprising: 

(a) contacting a test compound with an antibody or 
antigen-binding fragment thereof that binds to a modu- 
lating agent comprising the sequence LYHY (SEQ ID 45 
NO:l), wherein the agent comprises no more than 30 
consecutive amino acid residues present within an 
occludin molecule; and 

(b) detecting the level of antibody that binds to the test 
compound, and therefrom identifying a compound 50 
capable of modulating occludin-mediated cell adhe- 

2. A method according to claim 1, wherein the agent is a 
linear peptide. 

3. A method according lo claim 2, wherein the agent 55 
comprises 5-16 consecutive amino acid residues present 
within an occludin. 

4. A method according to claim 3, wherein the agent 
comprises a sequence selected from the group consisting of 
QYLYHYCWD (SEQ ID NO:2), YLYHYCVVD (SEQ ID 60 
NO: 12), LYHYCVVD (SEQ ID NO: 13), QYLYHYC (SEQ 
ID NO:14), YLYHYC (SEQ ID NO:15), LYHYC (SEQ ID 
NO: 16), QYLYHY (SEQ ID NO: 17) and YLYHY (SEQ ID 
NO: 18). 6S 

5. A method according to claim 1, wherein the agent is a 
cyclic peptide. 



6. A method according to claim 5, wherein the cyclic 
;ptide has the formula: 



(Zj) (YD (X 1 )-Leu-Tyr-His-Tyr-(X 2 )— (Y 2 ) (Z 2 ) 



wherein X u and X 2 are optional, and if present, are 
independently selected from the group consisting of 
amino acid residues and combinations thereof in which 
the residues are linked by peptide bonds, and wherein 
X, and X, independently range in si/e from 0 to 10 
residues, such that the sum of residues contained within 
Xj and X 2 ranges from 1 to f2; 

wherein Y ± and Y, are independently selected from the 
group consisting of amino acid residues, and wherein a 
covalcnt bond is formed between residues Y ± and Y 2 ; 

wherein Z 1 and Z 2 are optional, and if present, are 
independently selected from the group consisting of 
amino acid residues and combinations thereof in which 
the residues are linked by peptide bonds. 
7. A method according to claim 6, wherein the cyclic 
peptide is selected from the group consisting of CLYHYC 
(SEQ ID NO:3), CYLYHYC (SEQ ID NO:40), 
COYLYHYCY SEO ID NO:4f), KOYLYHYD (SEQ ID 
NO:42), YLYHY fSEO ID NO:43), QYLYHY (SEQ ID 
NO:44) and KLYHYD (SEQ ID NO:45) and derivatives of 
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the foregoing sequences having one or more C-terminal 9. A method according to claim 1, wherein the test 

and/or N-terminal modifications. compound is produced by an expression library. 

8. A method according to claim 1, wherein the step of 

detecting is performed using an LI .ISA. ***** 
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FE(0)-BASED BIOREMEDIATION OF 
AQUIFERS CONTAMINATED WITH MIXED 
WASTES 

This is a 371 application of co-pending application Serial 
No. PCT/US98/08196, filed Apr. 24, 1998, which claims 
priority to U.S. provisional application No. 6(1 (144,810, filed 
Apr. 25, 1997. 

The present invention is a continuing application of U.S. 
Provisional Patent Application Serial No. 60/044,810 filed 
Apr. 25, 1997, the entire contents of which is specifically 
incorporated by reference in its entirety. 

The United States government has rights in the present 
invention pursuant to Contract No. R-8 19653-01 from the 
Environmental Protection Agency. 

BACKGROUND OF THE INVENTION 

1.1 Field of the Invention 

The present invention relates generally to the field of 
bioremedialion. More particularly, it concerns compositions, 
methods and apparatus for the removal of nitrogenous and 
halocarbon pollutants from environmental sources including 
agricultural areas, soils, ground and surface water, sewage, 
sludges, landfill leachates, and wastewater. In particular 
embodiments, the invention discloses and claims composi- 
tions comprising zero-valent iron and hydrogenotrophic 
bacteria for use in removing target contaminants by a 
synergistic combination of abiotic and biological reductive 
mechanisms. 

1.2 Description of Related Art 
1.2.1 Abiotic Processes 

Various abiotic processes have developed in recent years 
for the remediation of hazardous environmental pollutants 
(National Research Council, 1994). One process for abiotic 
remediation of organic and inorganic pollutants has been 
developed using zero-valent iron-[Fe(0)] mediated pro- 

In this process, as elemental iron is oxidized (corrodes), 
electrons are released according to the following equations: 



Fe°^Fe 2 -- 



2H 2 0+2e -^H 2 +20H 
Fe 0 +2H 2 O^Fe 2t +H,+2OH- 



energy and water, and through long-term low operating and 
maintenance costs, are considerably less costly than con- 
ventional cleanup methods. l'e(0) can he placed in the path 
of a contaminant plume, either on a trench (O'Hannesin and 
Gillham, 1992), buried as a broad continuous curtain 
(Blowes et al., 1995), or injected as colloids (Kaplan et al., 
1994), to name a few options. However, the efficacy of Fc(0) 
systems can be limited by (site-specific) slow rates of 
reaction and by the potential accumulation of products of 
D equal or greater toxicity (Matheson and Tratnyek, 1994; 
NRC, 1994; Roberts et al., 1996). 

1.2.1.1 Chromium Remediation Using Abiotic 



Depending upon solution chemistry and pH, Cr(VI) can 
be present in the form of Cr0 4 2 ", HCr0 4 ~, H 2 Cr0 4 , and 
Cr 2 O y ~. All of this hexavalent chromium species could be 
reduced to the less toxic, less mobile trivalent form, which 
is removed from solution as the hydroxide (i.e., Cr(OlI),) 
under most conditions, using Fe(0) (Gould, 1982; 
Khudcnko, 1987; Powell ct al., 1995; Rickard and Fucrstran, 



2Cr 3 *+60H-—2( ',(011), 
2Cr 6, -+3Fe 0 +6OH-— 2Ci(OEl) 3 +3Fe 2 - h 



These electrons are available for a variety of reduction- 
oxidation (redox) reactions. Water is reduced to produce 
hydrogen gas and alkalinity in the form of OH", with the net 
reaction resulting in a pH increase: 



(Equation 2) 
(Equation 3) 



Encouraging results in both laboratory and field experi- 
ments have stimulated a rapid increase in the use of Fe(0) as 
a reactive material to treat reducible contaminants (so-called 
reactive Fe(0) barriers). This approach has been used to 
degrade waste chlorinated solvents (e.g., Gillham and 
O'Hannesin, 1994; Johnson et al, 1996; Sweeny, 1980) and 
nitrate (Till et al., 1998). Reducible heavy metals such as 
Cr(VI) can also be removed from aqueous solution by 
reduction to less toxic forms (e.g., Cr(III)) and subsequent 
precipitation and immobilization, using Fe(0) as the sacri- 
ficial metal (Gould, 1982, Khudenko, 1987; Powell et al., 
1995; Rickard and Fuerstran, 1968). 

Semipermeable reactive Fe(0) barriers have been attrac- 
tive for groundwater remediation in that they c 



The increase in pi I caused by iron corrosion (Equation 3) 
is thus beneficial in removing Cr(III) from solution. 

When present in the environment, it is possible for the 
various species of Cr(VI), and Cr(III) to be sorbed to soils 
and sediments. It has been shown thai ( 'r(Vl) can be reduced 
to Cr(III) spontaneously by soil organic matter and/or by 
microorganisms under reducing conditions (Wang et al., 
1989; Ishibashi et al., 1990; Yamamoto et al., 1993). 
Similarly, it has been shown that U(VI) can be reduced to 
U(IV) by microorganisms (Lovely and Phillips, 1992a and 
1992b; Corby and Lovely, 1992; Thomas and Macaskic, 
1996). Once Cr(VI) is reduced to Cr(III) whether by soil 
organic matter or zero-valtnl iron, ii is highly unlikely (due 
to kinetic constraints) for it to be oxidized once again. Only 
in the presence of freshly precipitated manganese oxides 
(Mn0 2 ) or a strong oxidant like Fcnton's reagent (hydroxyl 
radicals) can Cr(III) be reoxidized. 

Fe(0) has shown significant promise in reducing, and thus 
removing from solution, Cr(VI) (e.g., Blowes et al., 1995; 
Powell et al., 1995; Gould, 1982). Presently, however, only 
one field site (Elizabeth City, N.C., Coast Guard site) exists 
where a reactive Fe(0) barrier is being evaluated to contain 
and remediate a groundwater plume contaminated with both 
Cr(VI) and TCE. (Morrison and Spangler, Roy E. West 
Geotech, Grand Junction, Colo.). 

1.2.1.2 Uranium Removal Using Abiotic Processes 

Uranium generally exists as the uranyl cation (U0 2 2 *) in 
soils and groundw aters. It is tightly bound to soil and aquifer 
media at pH values greater than 6.0. However, it can be 
completed by sulfate and organic ligands as well. Longtime 
ct al. (1990) found that the predominant species in acidic 
uranium mill tailings deposits of New Mexico and Colorado 
was uranyl disulfate, U0 2 (S0 4 ) 2 2 "; uranyl sulfate aqueous 
complex, U0,(S0 4 l u , uranvl divalent cations, and uranyl 
biphosphate, U0 2 (HP0 4 ) 2 2 "; in that order. Once U(VI) is 
reduced to U(IV), it becomes much less mobile, similar to 
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chromium. Immobilization is caused by the precipitation of 
uranium dioxide, and by strong sorption of U(IV) species to 
soils and sediments. Similar to Cr(III), once uranium has 
been reduced, it is not likely to become mobilized again 
unless the pH is reduced or a strong oxidizing agent is 
encountered. Treatment with zero-valent iron removes dis- 
solved oxygen and increases the pH; both conditions which 
aid the chemical reduction of chromium and uranium and 
which keeps them immobilized. 

Hexavalent uranium can also be reduced to the less 
mobile U(IV) form which is removed from solution as the 
oxide under most conditions: 

U s *+2e-^U 4 * (Equation 8) 

U 4+ +40tr^UO,+2H,0 (Equation 9) 

Here again, the increase in pi 1 caused bv Fc(0) corrosion 
(Equation 3) is conducive lo U(IV) precipitation from solu- 
tion (Lovely and Phillips, 1992a; Morrison et al., 1995; 
Thomas and Macaskie, 1 996). 

Unfortunately, no reports in the literature describe the use 
of reactive Fe(0) barriers to reduce and remove U(VI), 
although a pilot facility in Durango, Colo., is presently being 
tested (S. Morrison of Roy E. West Geotech, Grand 
Junction, Colo.). 

1.2.1.3 Removal of Polychlorinated Organics Using 
Abiotic Processes 

Polychlorinated organics can also be reduced using the e~ 
generated by iron corrosion by replacing CI atoms with 
hydrogen atoms. This form of reductive dechlorination is 
termed hydrogenolysis (Vogel et al., 1987). Using carbon 
tetrachloride (CT) as an example, first chloroform (CF) and 

then dichloromethane (IX 'M) are formed: 

CCl 4 +2e-+H^CHCl 3 +Cr (Equation 10) 

CHCl 3 +2e-+H + — CH 2 C1 2 +Cr (Equation 11) 

Several researches have shown that DCM is a "dead-end" 
product of abiotic treatment of CT or CF with Fe(0) (Helland 
et al., 1995; Matheson and Tratnyek, 1994). 'ITius, while 
abiotic processes are able to reduce some organic 
compounds, the process often results in endproducts which 
are toxic, themselves. As such, there are limitations to the 
use of abiotic processes alone in the remediation of organic 
compounds from the environment. 

TCE is reportedly converted to ethene by hydrogenolysis 
using Fe(0), generally without the build-up of intermediates 
(Orth and Gillham, 1996), although trace amounts of chlo- 
rinated acetylenes could be formed by TCE dihaloelimina- 
tion (Roberts et al., 1996). A simplified stoichiometry for 
TCE hydrogenolysis would be: 

CHCl=CCI 2 +6e +3H'^CH 2 =CH 2 +3C1 (Equation 12) 

3Fe°^3Fe 2+ +6e- (Equation 13) 

CHCl=CCl 2 +3Fe°+3H + ^CH 2 =CH 2 +3Fe 2+ +3Cl- (Equation 14) 

Unfortunately, the fact that each of the above reactions is 
thermodynamically feasible does not guarantee that the 
reactions are feasible for the removal of such compounds 
from solution using only abiotic processes. The contami- 
nants must be sufficiently reactive that suitable transforma- 
tion take place during the time the contaminated groundwa- 
ter flows through the treatment zone. Moreover, observed 
removal rates may reflect a number of processes other than 
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chemical reaction at the Fe(0) surface, including mass 
transport to the surface, adsorption of reactants, and des- 
orption and mass transport of products from the surface 
(Helland et al, 1995). A positive correlation has been 

5 suggested between the mixing rate in batch reactors and 
reductive dechlorination rate (Matteson and Tratnyek, 
1984), presumably due to faster mass transport resulting 
from the decreased thickness of the diffusion layer. That 
removal rates might be mass transfer rather than reaction 

to limited, suggests the importance of enhancing contact 
between Fe(0) and the target contaminant. 

1.2.2 Biotic Processes 
1.2.2.1 Biotic Removal of Chromium and Uranium 
Biotic reduction of Cr(VI) and U(VI) may be indirect or 
direct. Microbes can be indirectly responsible for metal 
reduction by producing relatively strong reductants like II,S 
from S0 4 2 ~ and Fe(II) from Fe(III). In most cases, abiotic 

20 reduction using H 2 S and Fe(II) is much slower than direct 
biotic reduction (Kriegman-King and Reinhard, 1994; 
Doong and Wu, 1992). A number of studies have shown that 
several microorganisms can directly (intracclhilarly) reduce 
Cr(Vl) to Cr(lll) using Cr(Vl) as an electron acceptor during 

25 microbial respiration (Wang et al, 1989; Ishibashi et al, 
1990; Yamamoto et al, 1993). Similarly, it has been shown 
that U(VI) can be reduced to U(IV) by microorganisms 
(l ovely and Phillips, 1992a and 1992b; Gorby ancfl ovcly, 
1992; Thomas and Macaskie, 1996). For the most part, metal 

30 reductases have been implicated in these studies. However, 
there is evidence that such metals can be used as electron 
acceptors for growth (Ormerod, 1991). These organisms, 
GS-15 and Shewanella putrefaciens, can also use nitrate and 
Fe(III) as terminal electron acceptors. 

35 

1.2.2.2 Biotic Processes for Remediating 
Halocarbons 

It has also been shown that a variety of microbes can 
catalyze the reduction of many chlorinated hydrocarbons. A 

40 variety of chlorinated aliphatic hydrocarbons are biotrans- 
formed by pure and mixed methanogenic (Bagley and 
Gossett, 1996; Bouwer et al., 1981; Bouwer and McCarty, 
1983; Gossett, 1985; Egli et al., 1987; Hughes and Parkin, 
1996; Krone et al, 1989a;b; Mikesell and Boyd, 1990) and 

45 non-methanogenic, anaerobic cultures (Egli et al, 1987; 
Egli et al., 1988; Galli and McCarty, 1989; Egli et al., 1990; 
Fathepure and Tiedje, 1994). Unfortunately, however, with 
most biological reactions, when reductive dechlorination is 
the dominant pathway, intermediates will accumulate (e.g., 

50 chloroform and dichloromethane from CT biotransforma- 
tion; vinyl chloride and the dichloroethenes from TCE and 
PCE biotransformation). These metabolites are often of 
more concern than the parent compounds, and thus, the art 
remains limited with respect to biological treatment of 

55 chlorinated hydrocarbons. It should be noted, however, that 
tetrachloroethene (PCE) and TCE can be used as electron 
acceptors for growth of some anaerobic organisms with the 
end products being ethene or ethane (Holliger et al, 1993; 
Ilolliger, 1995; Scholz-Muramatsu et al, 1995). 

60 Anaerobic conditions are required to produce the H 2 from 
F(0) corrosion and support the growth of useful anaerobic 
bacteria. Dissolved oxygen, which may be present is some 
aquifers, is toxic to anaerobes and may inhibit their activity. 
Nevertheless, oxygen is quicklv depleted bv aerobic corro- 

65 sion of Fe(0) as shown by Helland et al. (1995): 

2Fe cl +0 2 +4H*^2Fe 2 -+2H 2 0 (Equation 15) 
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1.2.2.3 Chlorinated Solvents 
Chlorinated solvents such as trichlorocthylcnc (TCE), 5 
heavy metals such as hexavalent chromium, and radionu- 
clides such as hexavalent uranium, are among the most 
common contaminants found at DOE sites (Riley et al., 
1992). Mixtures of such contaminants have been found in 
soils and sediments at 11 DOE facilities and in the ground- 10 
water al 29 sites. While numerous physical-chemical and 
biological processes have been proposed to manage DOE 
contaminated sites, many of these approaches are only 
marginally cost-effective and/or have detrimental side 
effects on environmental quality, particularly pump-and- j5 
treat processes (National Academy of Science, 1992). 
Consequently, there is a need to develop improved alterna- 
tives loi the remediation of siles containing these containi- 

Onc alternative was lire use of elemental (or zero-valent) ;o 
iron (Fe(0)) in the development of strictly abiotic processes. 
Although the reactivity of Fe(0) with chlorinated com- 
pounds was recognized as early as f 925 (Rhodes and Carty, 
1925). only recently has this process received considerable 
attention for treating waste chlorinated solvents (e.g., Gill- 2 s 
ham and O'Hannesin, f 994; Johnson et al., f 996; Sweeny et 
al, 1980). Reducible heavy metal ions (e.g., hexavalent 
chromium) and nucleotrdes (e.g., hexavalent uranium) can 
also be removed from aqueous solution by reduction and 
subsequent precipitation using I c(0) as the sacrificial metal 30 

(i.e. "cementation") (e.g., Gould, 1982; Khudenko, 1987; 
Rickard and Fuerstran, 1968). Results from laboratory and 
pilot studies awakened considerable national and interna- 
tional interest in the use of Fe(0) as a reactive material 
(so-called reactive Fe(fl) barriers) to minimize subsurface 35 
migration of such reducible contaminants. Passive, semiper- 
meable reactive walls are also particularly attractive in that 
they conserve energy and water, and through long-term low 
operating and maintenance costs, are considerably less 
costly than conventional cleanup methods. 4U 

Nevertheless, knowledge on the applicability and limita- 
tions of reactive l'e(0) barriers is limited, and the feasibility 
of this process to treat mixtures of chlorinated solvents, 
heavy metals, and radionuclides lias not been demonstrated 
in the art. One limitation of abiotic reduction with Fe(0) : 
alone to remove some polychlorinated compounds such as 
carbon tetrachloride is the accumulation of transformation 
products of equal or perhaps greater toxicity (Helland et al., 
1995; Matheson and Tratnyek, 1994; Roberts et al, 1996). 

Several reports have suggested that a wide variety of ; 
microbes can facilitate red it el ivc de eh lor inalion of polychlo- 
rinated organics (see e.g., Bouwer et al., 1981; Krone et al., 
1989a;b; Holliger et al, 1993; Vogel et al., 1987). Some 
microbes have also been shown to facilitate the reduction 
and immobilization of reducible heavy metal ions, e.g., .' 
Cr(VI) (Wang et al., 1989) and radionuclides e.g., U(VI) 
(Lovely and Phillips, f992a; 1992b). Anaerobic microor- 
ganisms have also been shown to respire nitrate and sulfate 
originating from waste acids at uranium mill tailings (e.g., 
Durango, Colo., and Tuba City, Ariz.), which is a major < 
challenge facing the Uranium Mill Tailing Remediation Act 
(UMTRA) program. However, the availability of appropri- 



1.3 Deficiencies in the Prior Art 

There are several chemical and biological technologies 
that remove nitrates, and other inorganic compounds as well 
as organic compounds from water and wastewaters. 
However, these processes are marginally cost-effective and/ 
or have detrimental side-effects on water quality. For 
example, physical-chemical processes involving membrane 
filtration technologies or ion exchange resins are often 
prohibitively expensive and merely transfer the inorganics, 
such as nitrates, from one phase to another, thus creating a 
disposal problem, and creating large quantities of brines. 

While biological denitrification processes can convert 
nitrate to innocuous dinitrogen gas and are typically less 
expensive, they have adverse side-effects on water quality 
due to residual organic compounds used to support het- 
erotrophic biological activity and excessive biomass pro- 
duction potentially contaminating the treated water. 
Therefore, what is lacking in the prior art are effective means 
for the bioremediation of aqueous environments, particu- 
larly with respect to denitrification and the removal of 
organic compounds such as halocarbons, using systems 
which do not adversely affect the water quality. 

Unfortunately, the efficacy of strictly abiotic processes 
reiving on I e(0) alone is limited bj (site-specific) slow rales 
of reaction and by the accumulation of products of equal or 
greater toxicity than the pollutants to be remediated 
(Matheson and Tratnyek, 1994; NRC, 1994; Roberts el al., 
1996). Early work by scientists suggested the coupling of 
anaerobic oxidation of Fe(0) to a reduction of chloroform 
was possible using methanogenic bacteria, but no evidence 
suggested the use of such synergistic processes for inorganic 
compounds, or organic compounds other than chloroform 
(Weathers et al., 1995a;b) 

2.0 Summary of the Invention 

The present invention overcomes these and other limita- 
tions in the prior art by combining Fe(0) technologies with 
hydrogenotrophic microorganisms to exploit favorable bio- 
geochemical inleraclions lo detoxifying a variety of inor- 
ganic and organic compounds. The inventors' suprising 
finding that such biogeochemical interactions could facili- 
tate the reduction of not only inorganic and metal-ion 
containing compounds, but also haloaromalic, 
nitroaromatic, and organic pesticides has facilitated a revo- 
lutionary advance in the area of microbial-based bioreme- 
diation methods. Disclosed and claimed herein are devices 
and methods for the bioremediation of environmental sites 
and aqueous solutions using a synergistic combination of 
biotic and abiotic processes. In particular, the invention 
concerns iron-supported autotrophic methods which utilize a 
device comprising a composition containing zero-valent 
iron and a culture of one or more species of hydro- 
genotrophic bacteria to remove target contaminants. 
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taminants are toxic to a variet 1 bac erial strains when 
present at high concentrations, and the rate of remediation 
by these organisms has been disappointing. 
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Acinetobacter spp., Aureobacterium spp., Bacillus spp., 
Comamonas spp., Dehalobacter spp., Dehalospirillum spp., 
Dehalococcoide spp., Desulfurosarcina spp., Desulfomonile 
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spp., Desulfobacterium spp., Enterobaclei spp., I lydrogcno- 
bacter spp., Methanosarcina spp., Pseudomonas spp., 
Shewanella spp., Methanosarcina spp., Micrococcus spp., 
and Paiacoccus spp. Alternatively, livdrnsicnotrophic bacte- 
ria present in anaerobic sludge or ariaerobic sediments may 
also be used in the practice of the invention. 

Exemplary hydrogenotrophic bacteria include one or 
more strains of bacteria selected from the group consisting 
of Aanobacierium wwxti, Aeromonas hydrophila, Aeromo- 
nas sobria, Alcaligenes eutrophus, Comamonas 
acidovorans, Dehalococcoide resirictus, Dclialococcoide 
miiJliviirans, Dehalococcoide ethenogene, Dcsulfobacic- 
rinm tiedje. Pnterobacter agglotnerans, llxdrogenobacter 
thermophilus, Methanosarcina barkeri, Methanosarcina 
mazei, Methanosarcina thermophila, Paracoccus 
denitrificans, Pseudomonas aureofaciens, Pseudomonas 
maltophilia, Pseudomonas mendocina, and Shewanella 

In illustrative embodiments, the inventors have shown 
that hydrogenotrophic bacterial stains such as Paracoccus 
denitrificans ATCC17741, Paracoccus denitrificans 
ATCC35512, Paracoccus denitrificans ATCC13543, or 
Paracoccus denitrificans A IX (19367 are particularly use- 
fid in formulating (lie compositions of the invention. In 
certain embodiments, the inventors contemplate the use of a 
mixed culture of one or more of the disclosed microorgan- 
isms. Such mixed cultures may comprise two or more 
hydrogenotrophic organisms, and may also include one or 
more strains, species, or genera of non-hydrogenotrophic 
bacteria. 

The zero-valent iron of the composition is preferably iron, 
iron alloy, or iron bimetal, in It may be in the form of metal 
filings, sha\ ings, turnings, powder, mesh, steel wool, beads, 
rods, or pellets (exemplary sources include e.g, Malinkrodt, 
Fisher Scientific, Master Builder, Aldrich Chemical Co., 
scrap metal suppliers, and the like). Iron bimetallics, com- 
posed of a combination of Fe(0) and any of the following: 
Ni(0), Zn(0), Pt(0), and Pd(0), are also desirable for the 
compositions and processes of the invention, as are iron- 
based metallic alloys. The metal may be immobilized in a 
gel, matrix, or other medium, may be in combination with 
one or more zeolites or minerals, and may be embedded, or 
immobilized onto glass, ceramic, cloth, plastic, fiber, non- 
metal, metalloids, crystals, polymers, and the like. In fact, 
any formulation of the zero-valent iron which permits con- 
tact with or proximity to the hydrogenotrophic bacterial 
culture, and which permits or facilitates the oxidation of the 
metal and the liberation of hydrogen gas to be uptaken and 
utilized by the bacterial culture is contemplated by the 
inventors to be useful in formulating the particular iron- 
culture composition. 

In preferred embodiments the culture of hydro- 
genotrophic bacteria (either alone or in combination with 
other microorganisms) is immobilized, mixed with, or in 
close proximity to the solid or semi-solid substrate(s) that 
comprise the Fe(0) compound. The solid substrate may be, 
but is not limited to, matrices, columns, chromatographic 
media, glass or plastic beads, plates or surfaces, acrylic 
beads, acrylamides, polyacrylamides, beaded agarose, 
Sepharose, tubing, vials, metal supports, mesh, fibers, 
polymers, ceramics, or cloth and the like. The Fe(0) com- 
ponent may be attached to the solid substrate by any suitable 
means known to those of skill in the art. Alternatively, the 
iron itself, or the device housing may serve as a substrate for 
the growth of the bacterial cells. The device may be a 
cartridge, a filter, a vessel (including e.g., a reactor, flask, 
beaker, funnel, bottle, cannisler, or lank), a llow-through 
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tubing, radiator, ferineuter, or such like. In the case of in situ 
remediation, the device may be comprised within a system 
or remediation apparatus, and may comprise a reactive 
barrier, a membrane, a cylindrical barrier, a gate-and-funnel 
5 apparatus, or any other apparatus suitable for placement in 
an environmental site, and suitable for providing a means for 
containing the bactcrial-Fc(O) composition within the 
device. 

The Fe(0)-containing compound may typically be present 

1° at a concentration of from between about f% and about 
99%, more preferably from between about f0% and about 
80%, or more preferably from between about f 5% and about 
50% or so by weight. The iron compound may be alone, or 
may be added to a porous medium or semi-porous substrate. 

15 This medium may contain one or more aluminosilicate 
minerals (e.g., bentonite, montmorillonite, kaolinite, 
gibbsite, nucrohne feldspar, albile feldspar) to enhance 
proton generation at the l e((l) surface and accelerate 
corrosion, as described bv Powell et al. (1W7). The porous 

20 medium may also be amended with one or more zeolite 
minerals to retard the movement of halogenaled and nitrated 
organic contaminants through reactive barriers. This 
increases both retention time and the removal efficiency. The 
medium may be formulated to promote adherence by the 

25 bacterial culture to the iron substrate, and may be formulated 
to promote growth or survival of the bacterial culture. 
Optionally, the medium may be formulated to contain one or 
more antifungal, antiviral, or antiparasitic agents to retard or 
prevent the growth of fungi, virus, or parasites in the 

;; " composition. Also optionally, the composition may be aug- 
mented to provide one or more nutrients, vitamins, minerals, 

certain instances, sorbants, such as charcoal, zeolites, or the 
like, may be added to the composition. 

2.2 Methods for Bioremediation 
In a second embodiment, the invention provides methods 
for detoxifying, decontaminating, altering, removing or 
reducing the concentration of one or more organic or inor- 

40 ganic compounds from an aqueous solution, leachate, 
runoff, aquifer, groundwater, surface water, well water, an 
environmental site, soils, and/or agricultural or industrial 
sources. In particular, compositions and methods are pro- 
vided for removing, detoxifying, or reducing the concentra- 

45 tion of one or more inorganic or organic compound 
(including nitrates, nitrites, sulfates, sulfites, strontium-, 
cesium-, chromium- and uranium-containing compounds, 
halocarbons, haloaromatics, nitroaromatics, and compounds 
containing one or more nitro- or nitroso-groups) from one or 

50 more such site. The methods encompass both in situ and ex 
situ remediation procedures, and provide both apparatus for 
large-scale remediation, and devices for remediation of 
particular pollutants. The inorganic and organic compounds 
may be naturally occuring pollutants, or may be introduced 

55 into the site by the hand of man. The compounds may be 
present in one or more sites, and may be present in such sites 
either in pure or nearly-pure form, or may be present along 
with a plurality of toxic or polluting compounds. Examples 
of such pollutants may include herbicides, pesticides, indns- 

60 trial chemicals, chemical manufacturing byproducts, 
byproducts ol naluial decomposition processes, human or 
non human wastes, landfill components, mining wastes or 
runoff, agricultural leachates, industrial runoff, fertilizers 
and fertilizer byproducts, poisons, and the like. Such pol- 

65 lutants may be present in an enviromental site as the result 
of a chemical spill, industrial or agricultural accident, pipe- 
line and storage tank failures, derailment of train cars, 
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accidents involving motorized transport of chemicals, 
explosions, storage tank ruptures, acts of sabotage, and the 
like. 

In an overall and general sense, the methods of the 
invention generally involve ide mil vine i >r selecting an aque- 
ous solution or a soil sample or an environmental site that is 
known to contain, or suspected of containing, or shown to 
contain, or shown to be susceptible to pollution by, one or 
more of the inorganic or organic contaminants as disclosed 
herein, and contacting the solution, soil, or site with a 
composition comprising a culture of one or more hydro- 
genotrophic bacteria and a zero-valent iron composition. 
The aqueous solution may be present in a pipeline, a water 
or sewage treatment facility, an aqueduct, drainage pond, 
settling basin, reservoir, storage vessel, or other man-made 
facility or the like. Alternatively, the aqueous solution may 
be an environmental site such as a lake, creek, river, stream, 
aquifer, pond, drainage ditch, or part of an agricultural area, 
irrigation system, industrial waste facility, landfill, or the 
like. The environmental site may include any of these areas, 
and may also include soils, subsurface areas, aquifer 
recharge zones, leachate areas, embankments in proximity to 
agricultural sites, water sources, groundwaters, wells, and 
the like. The environmental site may be defined as, or may 
be in proximity to, an industrial plant, a treatment plant, a 
mine, or mining facilily, a processing plant, a construction 
site, a ranch, farm, or cultivated region, a potable or non- 
potable water supply, a pipeline or utility supply region, 
sewage facilities, drains, or pipelines, culverts, basins, storm 
drains, or flood plain control systems. In fact, the inventors 
contemplate that any site or aqueous solution that is sus- 
pected of containing, or is susceptible to pollution by, or is 
in proximity to a region either contaminated with, or pol- 
luted by, one or more inorganic and organic compounds may 
be a site chosen for remediation using the disclosed methods 

In certain embodiments, it will be preferable to provide 
devices which comprise the disclosed compositions to a 
source to be remediated. This is particularly preferred with 
the treatment methods are in situ, such as reactive barriers, 
and the like which are placed into a particular polluted site. 
Alternatively, where ex situ treatment is desired (e.g., in the 
treatment of water supplies, pipelines, drainage or collection 
facilities, storage tanks, sewage treatment plants, etc.) the 
inventors contemplate the use of the compositions in the 
manufacture uf apparatus and water treatment devices to 
detoxify such systems. This is particularly desirable in the 
manufacture of water treatment cartridges, treatment facility 
machinery, and other apparatus which may be utilized to 
treat a contaminated sample not present in its native envi- 

In one embodiment, the invention provides a method for 
removing or detoxifying nitroaromatic compounds from an 
aqueous solution. The method generally involves contacting 
an aqueous solution suspected of containing a nitroaromatic 
compound (such as trinitrotoluene, RDX, HMX, 
2-aminodintrotoluene, 4-aminodinitrotoluene, and 
parathion) with a composition consisting of a culture of one 
or more hydrogenotrophic bacteria and an Fe(0) composi- 

In a further embodiment, the invention provides a melhod 
for removing or dehalogenating a halocarbon in an aqueous 
solution. This method generally involves contacting an 
aqueous solution suspected of containing a halocarbon, such 
as chlorinated benzenes, trichloroethylene, 
perchloroethylene, dichloroethylene, vinyl chloride, 
chloroethane, bromoform, dichlorodifluoromethane, 
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trihalo me thanes, tetrachlorodibenzodioxin 
pentachlorophenol, chlorobenzoates, atrazine, f,f,f-TCA, 
CCU, CHCI3, DCM, or a PCB, with a composition com- 
prising one or more autotrophic bacteria and an f'e(0) 
5 composition. 

A further aspect of the invention is a method for 
removing, detoxifying, or reducing the concentration of a 
poison, herbicide fungicide, ncmatocidc, or pesticide in an 
aqueous solution or an environmental site. This method 
10 generally involves contacting the solution or site suspected 
of containing such a chemical w ith a composition compris- 
ing one or more hydrogenotrophic bacteria and l'e(0). 
Exemplary pesticides remediable by these methods include 
methoxyclor, alachlor, metolachlor, lindane, DDT, DDE, 
j5 DDD, dieldrin, aldrin, heptachlor, chlordane, 2,4- 
dichlorophenoxyacetic acid, 2,4,5-trichlorophenoxyacetic 
acid and atrazine. 

In another embodiment, the invention provides a method 
for detoxifying, removing or reducing the concentration of 

(I), chromium (VI), uranium (VI), technetium ( ), silver (I), 
or mercury (II) ions in an aqueous solution or an environ- 
mental site. This method generally involves contacting the 
solution or site suspected of containing one or more of such 
25 ions, either free in solution or complexed by organic ligands, 
with a composition comprising one or more hydro- 
genotrophic bacteria and Fe(0). 

In a further embodiment, the invention provides a method 
for removing, detoxifying, or reducing the concentration of 
30 an inorganic compound such as nitrite, nitrate, sulfite, or 
sulfate in an aqueous solution or an environemental site. 
This method comprises contacting the solution or site sus- 
pected of containing such an inorganic compound with a 
0 imposition comprising one or more hydrogenotrophic bac- 
teria and Fe(0). 

Another aspect of the invention is a method for reducing 
a nitroaromatic or a haloaromatic compound in a sample. 
The method involves selecting or identifying a sample that 
contains or is suspected of containing one or more such 
compounds with a composition comprising one or more 
hydrogenotrophic bacteria and Fe(0). 

The present invention further provides methods for the 
bioaugmentation of in situ reactive permeable barriers, 
packed or fluidized bed reactors for industrial wastewater or 
landfill leachate treatment, sand filtration technologies for 
drinking water treatment, anaerobic digestion for sludge 
treatment, cylindrical reactive barriers surrounding ground- 
water wells for well head protection, and combinational 
approaches using membrane technologies well-known in the 
art for purification and treatment of water, and in particular, 
municipal, potable, or water suitable for animal and human 
consumption. 

The efficiency of each method may be calculated as the 
ratio of the amount of contaminant removed divided by the 
amount of contaminant initially present in the sample. The 
rate of decomination may be estimated as the amount of 
contaminant removed divided by its retention time in the 
particular treatment zone utilized for remediation. The 
amount of contaminants present in a site and the amount 
remaining in a site following treatment may be measured 
using standard analytical techniques developed for each of 
the particular contaminants. 

2.3 Apparatus and Devices for Synergistic 
Bioremediation 
The inventors contemplate at least two different 
approaches for employing the present methods for the 
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bioremediation of water, agricultural extracts or soil 
leachates, surflcial sediments, surface waters, aquifers, 
groundwaters, springs, and other environmental aqueous 
areas contaminated with pollutants which are remediable 
utilizing these methods. 

In one embodiment, the invention provides in situ reme- 
diation methods, and in particular, the use of permeable and 
semipermeable barriers. In situ permeable barriers, such as 
those described in Great Britain Patents GB 2238533A and 
(Hi 2255081 A represent illustrative embodiments adaptable 
to the methods of the present invention. The disclosed 
technique is substantially improved using the present 
method through the pumping of bacteria either into the 
groundwater up-gradient from the permeable barrier, or 
directly into the barrier (FIG. 15A, FIG. 15B, and FIG. 15C). 
Preferred permeable barrier dimensions range from about 2 
to about 6 ft thick, about 25 to about 50 ft long, and from 
about 15 to about 30 ft deep. 

In another embodiment, the invention provides methods 
and apparatus comprising a treatment wall in a trench. In the 
simplest case, a trench of the appropriate width can be 
excavated to intercept the contaminated strata and backfilled 
with reactive material. The reactive material would consist 
of Fe(0) mixed with some of the alumniosilicate and/or 
zeolite minerals and with some anaerobic hydrogenotrophic 
bacteria mentioned previously (lit i . 2). 

Shoring of the trench and use of an appropriate slurry or 
steel sheet piling may be required for excavation to depths 
greater than 10 feet. Unlike conventional approaches for 
groundwater cut-off walls that utilize a soil-bentonite slurry, 
installation of permeable treatment walls may require the 
use of biodegradable polymers instead of bentonite or 
cement to avoid the problem of plugging the wall with 
residual slurry material (Vidic and Pohland, 1996). 

To overcome potential limitations to the life expectancy 
of the added Fe(0), the reactive media can be placed in the 
subsurface in removable cassettes, as described by MSE 
(1996). A temporary sheet pile box or a larger diameter 
caisson can be installed into the subsurface and the screen 
panels can be placed on the up- and down-gradient sides, 
while impermeable panels are placed on the lateral sides. 
Steel rail guides for the cassettes arc installed within this 
interior compartment and the temporary sheet piles or cais- 
son are removed. The cassette can be a steel frame box (e.g., 
8 ft long, 5 ft wide, 1 .5 ft thick) with two opposing screened 
sides and two impermeable sides which is filled with the 
reactive media and lowered into the cavity. By allowing 
replacement of cassettes with depleted reactive media, the 
remediation system operation life can be extended near 
indefinitely. 

In a further embodiment, the invention provides methods 
and apparatus using an injected treatment zone. A treatment 
zone which (unlike the treatment wall) is not confined within 
strict boundaries can be established by using injection wells 
or by hydraulic fracturing (FIG. 3). 

Well systems typically involve injection of fluids or 
fluid/p articulate mixtures for distribution into a treatment 
zone within the target area of the aquifer ( Vidic and Pohland, 
1996). Potential advantages of this approach are that there is 
no need to construct a trench and possible aquifer access at 
greater depths. 

In a further embodiment, the invention provides methods 
and apparatus using a "funnel and gate" system: In these 
embodiments, low-permeability cut-off walls (e.g., 10"° 
cm/s) could be installed with gaps that contain in situ 
reactive zones (FIG. 4). Cut-off walls (the funnel) modify 
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How patterns so thai groundwater primarily Hows through 
high conductivity gaps (the gates). The cut-off wall could be 
slurry walls, sheet piles, or solid admixtures applied by soil 
mixing or jet grouting. The gate would consist of a treatment 

5 wall similar to those described above. 

Alternatively, in situ remediation may be achieved using 
barrier technologies such as that of and the composttrons of 
the present invention may also be placed in the path of a 
contaminant plume, either on a trench (O'Hannesin and 

10 Gillham, 1992), buried as a broad continuous curtain 
(Blowes et al, 1995), or injected as colloids (Kaplan et al, 
1994). 

In general, these methods involved the use of a large 
plastic wall or retainer, which is inserted into the subsurface, 

15 for example, in a "funnel and gate" design. This method 
permits the installation and removal of one or more car- 
tridges into the system, without the need for changing the 
entire system. In this scheme, the inventors contemplate 
utilizing one or more cartridges which each comprise an 

"° Fe(0) substrate and an autotrophic bacterial population. 
Then, if the bacterial culture or iron substrate needs 
amending, replenishing, or replacement, the cartridge may 
be retrieved and a new one re -inserted with fresh substrate 
and microorganisms. When indicated, natural zeolite mate- 

25 rials may be used within the matrix of these reactive barriers 
to sorb target pollutants and allow for a longer retention 
time, thus allowing for thinner barriers. 

The second general embodiment concerns ex situ treat- 

30 ment methods and devices. Ex situ treatment includes vari- 
ous bioreactor modes and schemes such as sequencing batch 
reactors (SBR) (FIG. 16), fhtidized beds (FIG. 17), and 
flow-through packed columns (FIG. 18). 
The SBR is a periodically operated batch, fill-and-draw 

35 reactor containing a support structure for Fe(0) and the 
bacteria (FIG. 13). Each reactor in an SBR system has five 
discrete cycles in each cycle. For a nitrate removal scheme 
these would include, (i) fill deoxygenate, anaerobic stir and 
react, (iii) settle, (iv) decant, and (v) idle, cycle adjustment 

40 and waste sludge. An advantage of this type of treatment 
scheme is the flexibility in reaction times depending on the 
waste being treated. Fluidized bed (FIG. 14) and flow- 
through packed columns (FIG. 15) are attached growth 
reactors where contaminated water is continuously pumped 

45 through a reactor containing Fe(0) and bacteria. In a fluid- 
ized bed reactor, a fine-grained iron would serve as the 
support media for bacterial growth. Fluidization signifi- 
cantly increases the specific surface area and allows for high 
biomass concentrations in the reactor. It also reduces the 

50 clogging potential when the contaminated fluid contains 
suspended solids. Flow-through packed column reactors 
contain Fe(0) support structures to allow for biological 
growth and attachment. 

In general, the inventors contemplate that any apparatus 

55 which comprises at least a first inlet port, at least a first outlet 
port and at least one compartment that comprises an Fe(0)- 
hydrogenotrophic bacterial composition may be developed 
to remediate target pollutants from an aqueous solution 
passed through the device. Exemplary devices include flow- 

60 through bioreactors and fluidized bed reactors. These 
devices may also include cartridges oi sell "Contained mod- 
ules which form a part of a larger apparatus designed for the 
treatment of a water source or aqueous supply. Such devices 
may be combined with other water treatment devices, or 

65 may be placed inline with one or more additional water 
purifying devices as part of an apparatus such as a water 
purine ationsystem, a wastewater or sewage treatment 
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system, or any system designed to remove or reduce the 
concentration of inorganic and/or organic compounds in an 
aqueous solution. 

Also disclosed is an apparatus for denitrifying an aqueous 
solution. The apparatus generally consists of one or more 5 
devices, each device comprising a culture of one or more 
autotrophic bacteria, an Fe(0) composition, and a container 
means for contacting the solution with the bacteria in the 
presence of the Fe(0) composition in such a device. Exem- 
plary apparatus include sequencing bactch reactor, a con- 1° 
tinuous culture system, a water treatment plant, a sewage 
treatment facility, a water purifying system, a wastewater 
treatment facility, or a detoxification system fur aqueous 
solutions. 

A further aspect of the invention is a semipermeable 15 
reactive barrier used for denitrifying groundwater in situ. 
This device generally consists of an in-ground barrier onto 
which a culture of one or more autotrophic bacteria and an 
Fe(0) composition is provided. The groundwater is in con- 
tact with the bacteria and the Fe(0) composition, such that 20 
the pollutants present in the water are remediated via the 
synergistic abiotic and biotic processes disclosed herein. 
Illustrative examples of compounds which may be remedi- 
ated by such devices include nitrogen- or sulfur-containing 
compounds such as nitrate, nitrite, sulfate, and sulfite, and 25 
compounds containing one or more redox-sensitive metal 
ions such as mercury, strontium, technetium, silver, cesium, 
chromium, and uranium. 

The present further provides compositions for use in the 
apparatus and devices used in situ and ex situ for the 
remediation of toxic compounds from aqueous environ- 
ments. Such Fe(0)-bacterial compositions are useful in 
devices such as flow-through reactors, biofermenters, reac- 
tive barriers, packed or fluidized bed reactors, and the like 
which are useful in the practice of the methods disclosed 
herein. 

The solid support used in the composition may be in the 
form of an apparatus or device which comprises a chamber, 
one or more inlet ports, one or more outlet ports, and a 4Q 
matrix within the chamber to which the Fe(0) and bacterial 
cells are in proximity. In an illustrative embodiment, the 
inventors passed a solution containing nitrate over a column 
containing Fe(0) and a culture of autotrophic denitrifying 
bacteria, and nitrate was removed from solution via the 4J 
combined biotic abiotic processes which occurred in the 
flow-through bioreactor. 

3.0 BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifi- ^ 
cation and are included to further demonstrate certain 
aspects of the present invention . The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein. 5j 

FIG. 1. An example of a treatment wall using a ditch 
configuration (from Vidic and Pohnand, 1996). 

FIG. 2. An example of an injected treatment zone (from 
Vidic and Pohnand, 1996). 

FIG. 3. An example of a funnel and gate system (from 60 
Vidic and Pohnand, 1996). 

FIG. 4A. CT degradation with concomitant CF production 
(after Weathers and Parkin, 1995). 

FIG. 4B. CT degradation with concomitant CF production 
and subsequent degradation (after Weathers and Parkin, 65 
1995). The degradation process is faster and more complete 
with the Fe(0)-methanogen combination. 



FIG. 5. Chlorinated methanes remaining aftei 68 h. About 
one -half of the added CT (200 nm) was converted to 
dechlorinated products (e.g., formate, CO, and C0 2 ). Prod- 
uct distribution changed significantly with more complete 
dechlorination with the iron-methanogen combination. 

FIG. 6. Removal of CF in steel-wool columns (after 
Weathers et al., 1997). The iron-methanogen combination 
consistently removes more CF, and the process appears to be 
sustainable. 

FIG. 7. Effluent methane concentration in steel-wool 
columns (after Weathers et al., 1997). A healthy population 
of methanogens was established while removing 1.5 fiM of 
CF. 

FIG. 8. Laboratory apparatus for flow-through aquifer 
columns. 

FTG. 9A-FIG. 9B. FIG. 9A. Autotrophic growth of P. 
denitrificans ATCC 17741 in a dual flask apparatus was 
coupled to Fe(0) corrosion and nitrate reduction. FIG. 9B. 
Flask A contained metallic iron and water, and flask B 
contained nitrate-amended, carbonate-buffered medium 
inoculated with bacteria 

FIG. 10A. CF degradation in batch reactors containing 2 
g of iron filings and killed or live cells, or mineral medium. 
Filled symbols indicate treatments that were not amended 
with iron. All incubations received CF except those desig- 
nated CF free. 

FIG. 10B. DCM formation in batch reactors containing 2 
g of iron filings and killed or live cells, or mineral medium. 
Filled symbols indicate treatments that were not amended 
with iron. All incubations received CF except those desig- 
nated CF free. 

FIG. IOC. Hydrogen evolution and utilization in batch 
reactors containing 2 g of iron filings and killed or live cells, 
or mineral medium. Filled symbols indicate treatments that 
were not amended with iron. All incubations received CF 
except those designated CF free. 

FIG. 101). Methane production in batch reactors contain- 
ing 2 g of iron filings and killed or live cells, or mineral 
medium. Filled symbols indicate treatments that were not 
amended with iron. All incubations received CF except 

FIG. 11. CF degradation and DCM production in batch 
reactors amended with hydrogen. 

FIG. 12A. Hydrogen evolution and utilization in batch 
reactors containing 2 g of iron filings. None, inhibitor-free 
control; BESA, 50 mM BESA; Van, 100 mg/L vancomycin; 
BESA+Van, 50 mM BESA and 100 mg/L vancomycin. 

FIG. 12B. Methane production in batch reactors contain- 
ing 2 g of iron filings. None, inhibitor-free control; BESA, 
50 mM BESA; Van, 100 mg/L vancomycin; BESA+Van, 50 
mM BESA and 100 mg/L vancomycin 

FIG. 13A. Hydrogen evolution and utilization in batch 
reactors amended with hydrogen. DI, deionized water con- 
trol; None, inhibitor-free control; BESA, 50 mM BESA; 
Van, 100 mg/L vancomycin; BESA+Van, 50 mM BESA and 
100 mg/L vancomycin. 

FIG. 13B. Methane production in batch reactors amended 
with hydrogen. DI, deionized water control; None, inhibitor- 
free control; BESA, 50 mM BESA; Van, 100 mg/L vanco- 
mycin; BESA+Van, 50 mM BESA and 100 mg/L vancomy- 

FIG. 13C. CF degradation in batch reactors amended with 
hvdrogen. DI, deionized water control; None, inhibitor-free 
control; BESA, 50 mM BESA; Van, fOO mg/L vancomycin; 
BESA+Van, 50 mM BESA and 100 mg/L vancomycin. 
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FIG. 14A. CF concentrations in the column reactor efflu- 
ents. The average influent CF concentration was 1.61+0.49 
fM, and the average effluent CF concentration in the glass 
bead control column was 1.29±0.85 fiM. 

FIG. 14B. Methane concentrations in the column reactor ? 
effluents. The average influent CF concentration was 
1.61±0.49 fiM, and the average effluent CF concentration in 
the glass bead control column was 1.29±0.85 fiM. 

FIG. 15A. Permeable barrier for groundwater remedia- 

FIG. 15B. Plan view of the permeable barrier for ground- 
water remediation. Shown is 101 Contaminated water, 102 
Aquifer, 103 Groundwater, 104 Trench, 105 well and 106 
iron and bacteria reactive wall. 

FIG. 15C. Profile view of the permeable barrier. 

FIGS. 16A-16D. Example of a sequencing batch reactor. 
FIG. 16AFill (i) Deoxygenate, FIG. 16B Anaerobic Sitr (ii), 
FIG. 16C Settle (lii), FIG. 16D Decant (iv), FIG. 16E Idle, 
Cycle Adjustment and Waste Sludge (v). 2 o 

FIG. 17. Example of a fluidized bed reactor. 

FIG. 18. Example of flow-through packed column device 
of the present invention. The column contains a composition 
comprising Fe(0) and autotrophic bacteria. 

4.0 DESCRIPTION OF ILLUSTRATIVE 25 
EMBODIMENTS 

The present invention overcomes limitations in the prior 
art such as those which rely on exclusively biotic or exclu- 
sively abiotic processes. For example, the invention is 3u 
superior to the expensive "green rust" process in two critical 
areas: 1) the end product of "green rust" reduction is 
ammonium ion, which is toxic and pollutes the water source; 
and 2) "green rust" processes have remediation rates which 
are unsuitable for commercial-scale flow-through reactors 35 
and in situ remediation of leachates. 

In contrast, the present invention provides gaseous 
(volatile) end products which are dissipated from the aque- 
ous solution or environmental site, and as such, the com- 
positions of the invention do not foul or pollute a site where 40 
it is employed. Likewise, the remediation rates afforded by 
the present compositions and methods arc substantially 
higher than those afforded by "green rust" processes, and are 
therefore use in 1 in commercial application of in situ or inline 
bioremediation. Moreover, the invention provides an impor- 45 
tant economical improvement over the existing art, by 
utilizing inexpensive, readily-available Fe(0), rather than 
relying on expensive or scarce components such as "green 
rust." 

The invention further provides improvements over the 50 
prior art processes which require extraneous addition of 
hydrogen gas to fuel systems which rely on purely biotic 
processes such as those methods involving hydrogen- 
utilizing bacteria. A major shortcoming of these prior art 
methods is that large-scale H 2 delivery is neither cost- 55 
effective nor readily accomplished. FL gas is only slightly 
soluble in water and its hazardous (and explosive) properties 
make handling and storage problematic and often prohibi- 
tively expensive. The present invention overcomes these 

I II isaucoi I] lishi lb 1 I concomitant corrosion ofFe(0) 

other prior-art limitations by providing a composition which 
comprises f'c(0) and a culture of one or more hydro- 
genotrophic bacteria to permit the development of remedia- 65 
tion processes which exploit favorable biogeochemical 



The present invention further overcomes limitations of 
prior art systems which utilize methanol, a common electron 
donor, to support autotrophic biotic denitrification. The 
stoichiometric requirement for the metabolism of methanol 
and nitrate is 2.5 mg CH 3 OH/mg N0 3 — N. The diffusion 
coefficient of methanol is one-half that of nitrate, so in order 
to prevent methanol from being flux limiting in biofilm 
systems, it must be fed at twice the stoichiometric require- 
ment (i.e. at 5 mg CH 3 0H/mg N0 3 — N) (Williamson and 
McCarty, 1976). This excess methanol has detrimental side- 
effects on water quality, such as the production of excess 
biomass and the formation of trihalomethanes. Moreover, 
methanol can cause blindness. Such side-effects are absent 
in the present invention through the use of Fe(0) as a source 
for the production of hydrogen gas. Hydrogen gas offers a 
second advantage over prior art methods, due to its higher 
dillusivily in aqueous media. Therefore, the accumulation of 
toxic compounds such as trihalomethane, and the need for 
disinfecting excess biomass is eliminated when employing 
the processes of the present invention. 

4.1 Definitions 



a, an: In keeping with the well-established precedent in 
patent law, the use of the articles "a" and "an" are 
intended in all instances to mean "one or more." 

Expression: The combination of intracellular processes, 
including transcription and translation undergone by a 
coding DNA molecule such as a structural gene to pro- 
duce a polypeptide. 

Promoter: A recognition site on a DNA sequence or group of 
DNA sequences that provide an expression control ele- 
ment for a structural gene and to which RNA polymerase 
specifically binds and initiates RNA synthesis 
(transcription) of that gene. 

Structural gene: A gene that is expressed to produce a 
polypeptide. 

Transformation: A process of introducing an exogenous 
DNA sequence (e.g., a vector, a recombinant DNA 
molecule) into a cell or protoplast in which that exog- 
enous DNA is incorporated into a chromosome or is 
capable of autonomous replication. 

Transformed cell: A cell whose DNA has been altered by the 
introduction of an exogenous DNA molecule into that 
cell. 

Transgenic cell: Any cell derived or regenerated from a 

transformed cell or derived from a transgenic cell. 
Vector: A DNA molecule capable of replication in a host cell 
and/or to which another DNA segment can be operatively 
linked so as to bring about replication of the attached 
A plasmid is an exemplary vector. 



carbon Cont; 



4.2 Ha 

Fe(0) will enhance microbial activity by serving as elec- 
tron donor (via water-derived hydrogen, produced by 
cathodic depolarization) to support hydrogenotrophic 
growth and reductive biotransformations. Bacterial viability 
may be further enhanced by abiotic removal of toxic com- 
pounds by Fe(0) below toxic levels. The bacteria, in turn, 
might enhance the abiotic process by removing the passi- 
vating (cathodic) hydrogen layer from the Fe(0) surface and 
by further degrading some products of reductive treatment 
with Fe(0). Chlorinated aliphatic hydrocarbons (CAHs) are 
frequent groundwater contaminants (Riley et al., 1992). 
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They are susceptible to bii itransforinatioiis catalyzed by pure 
and mixed methanogenrc (Bouwer el al., 1981; Bouwer and 
McCarty, 1983; Gossett, 1985; Egli et al., 1987; Krone et al., 
1989a; Mikesell and Boyd, 1990; Bagley and Gossett, 1995; 
Hughes and Parkin, 1996) and nonmethanogenic, anaerobic 
cultures (Egli et al., 1987; Egli et al., 1990; Egb' et al., 1988; 
Galli and McCarty, 1989; Fathcpurc and Ticdjc, 1994). 
Electron donors that have been investigated for methano- 
genic biotransformation of CAHs include methanol 
(Mikesell and Boyd, 1990; Bagley and Gossett, 1995), 
acetate (Bouwer et al., 1981; Bouwer and McCarty, 1983; 
Hughes and Parkin, 1996), and hydrogen (DiStefano et al., 

1992) . Hydrogen is a more thermodynamically favorable 
electron donor than either methanol or acetate (Zinder, 

1993) , and its high diffusivity through biofilms ensures that 
the target CAHs would be flux-limiting to optimize removal 
rates. Nevertheless, practical problems exist with regard to 
the use of hydrogen due to its low solubility in water, about 
1.6 mg/L at 20° C, based on a Henry's constant of 6.83xl0 4 
atm/mol (Metcalf and Eddy, Inc., 1991). 

One way that hydrogen can be introduced into aqueous 
solution involves the use of iron metal. When Fe° is 
immersed in anoxic water, hydrogen is produced (Reardon, 
1996): 

re°+2II 2 O^Fe 2+ +20ir+II 2 (Equation 16) 

Pure cultures of methanogenic (Daniels et al, 1987; 
Rajagopal and LeGall, 1989; Belay and Daniels, 1990; 
Lorowitz et al., 1992), homoacetogenic (Rajagopal and 
LeGall, 1989), and sulfate-reducing bacteria (Rajagopal and 
LeGall, 1989) have demonstrated the ability to use cathodic 
hydrogen as an energy source for growth in short-term batch 
studies. Also, anaerobic bacteria are commonly associated 
with the corrosion of metals (Hamilton, 1985; Lee et al., 
1995). However, the ability of methanogens to sustain 
growth on calliodic hydrogen in the presence of CM Is lias 
not been established. This is particularly important because 
many CAHs, especially chloroform (CF), extremely inhibi- 
tory to methanogens (Hughes and Parkin, 1996; Bauchop, 
1967; Thiel, 1969; Swanwick and Foulkes, 1971; Pnns et al., 
1972; Yang and Speece, 1986; Hickey et al., 1987). 

The biotransformation of CAHs using cathodic hydrogen 
as electron donor is confounded by the direct, abiotic 
reduction of CAHs by Fe° (Gillham and CTHannesin, 1994; 
Mathcson and Tratnyck, 1994; Holland ct al., 1995; Orth and 
Gillham, 1995). In the presence of 100-mesh iron powder, 
carbon tetrachloride (CT) underwent sequential dehalogc- 
nation to CF and then to dichloromethane (DCM), which 
was nol further degraded (Mathcson and Tratnyck. 1994). 

Thus it is well-known that anaerobic bacteria can catalyze 
the reductive dechlorination of CAHs, that CAHs can be 
transformed abiotically using Fe°, and that Fe° can support 
the growth of anaerobic bacteria. Furthermore, there are 
limitations of the biotic process because of potential toxicity 
of parent CAHs and their metabolites and to the abiotic 
process because of the potential buildup of "dead-end" 
products. It is hypothesized that the presence of an active 
methanogenic consortium in the presence of Fe° may 
enhance the rate and extent of degradation of selected 
CAHs. 

4.3 Sr(II), Cs(I), Cr(VI) and U(VI) Reduction 
Pure cultures of methanogenic, homoacetogenic, sulfate- 
reducing, and denitrifying bacteria have demonstrated the 
ability to use cathodic hydrogen (reaction 3 above) as an 
energy source for growth in short-term, batch studies 
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(Daniels et al., 1987; Rajagopal and LeGall, 1989, Till et al., 
1998). As noted, such organisms have also been shown to 
facilitate reductive dechlorination and reduction of Cr(VI) 
and U(VI). 

5 The present invention improves upon these results by 
providing methods for the remediation of a variety of toxic 
ions using the bioaugmented Fe(0) compositions disclosed 
herein. These methods improve both the rate and extent of 
overall contaminant removal when compared to solely biotic 

10 based methods. In particular, compounds containing Cs(l), 
Sr(II, Cr(VI), and U(VI) are contemplated by the inventors 
to be remediable using the disclosed compositions and 
methods. These combined biotic-abiotic processes have a 
number of advantages in addition to the removal of the 

15 parent compounds. For example, abiotic removal of Cs(I), 
Sr(II), Cr(VI) and/or U(VI) from solution or soils reduces 
the toxicity of these metals to the microbes, and abiotic 
removal of the chlorinated compounds may reduce their 
concentrations to levels that are not toxic to the microbes. 

20 The microorganisms, in turn, may further degrade dead-end 
products that accumulate during abiotic transformation (e.g., 
CF and DCM from CT). 

4.4 Iron-Supported Autotrophic Denitnlicalion 
25 (ISAD) 

ISAD is an improvement over existing biological nitrate 
removal processes because the autotrophic organisms used 
in this process grow on hydrogen gas produced by the 

3Q corrosion of zero-valent iron by water (i.e., "cathodic 
hydrogen", II 2 , is derived from water, II 2 0). Hydrogen gas 
is thermodynamically a more favorable reductant and has a 
greater diffusivily through biofilms compared lo I lie organic 
substrates that arc commonly used to support biological 

35 denitrification (e.g., methanol and acetate). While these 
properties are conducive to enhanced nitrate removal, pre- 
vious use of hydrogen as a substrate to support denitrifica- 
tion has been limited by its low solubility and its hazardous 
(explosive) properties during handling and storage. These 

4Q limitations are overcome by using Fe(0) to continuously 
generate cathodic hydrogen to support autotrophic dentrifi- 
cation. In this process. I e(0) is also used as a direct reductant 
to remove nitrates abiotically. In addition, autotrophic bac- 
teria use C0 2 as carbon source to synthesize new cell tissue 

45 and thus have lower biomass production that the bacteria 
used in conventional denitrification systems fed organic 
substrates. Thus, adverse side-effects on water quality due to 
residual organic compounds and excessive biomass produc- 
tion are eliminated. 

50 4.5 Organisms Useful in the Practice of the 

Invention 

Mixed cultures of autotrophic, hydrogen-oxidizing, deni- 
trifying bacteria are often found in groundwater systems. 

55 Smith et al. (1994) isolated a mixed culture of hydro- 
genotrophic denitrifiers from a nitrate-contaminated sand 
and gravel aquifer in Cape Cod, Mass. Nine strains of 
hydrogen-oxidizing, denitrifying bacteria were isolated 
from the aquifer with all of the strains able to grow het- 

6o erotrophically as well. None of the strains were similar to P. 
denitrificam. 

P. denitrificam is one of the most intensively studied 
denitrifying microorganism due to its nutritional versatility 
(Mateju et al., 1992). lis well-known capability to reduce 
65 nitrogenous compounds with hydrogen is the basis of sev- 
eral approaches for denitrification of drinking water (Dries 
et al., 1988; Gros et al, 1988; Kurt et al., 1987). Using 
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hydrogen as an o,\idi/,able substrate for water treatment 
offers a number of important benefits, such as food-grade 
quality of the reductant, process reliability, low excess 
sludge production, and no need for intensive monitoring or 
biological post-treatment to control and remove residual 5 
reductant (Selenka and Dressier, 1990). The main disadvan- 
tages of using hydrogen in water treatment involve its low 
solubility and delivering difficulty, and the slow growth rate 
of autotrophic bacteria using carbon dioxide as their sole 
carbon source (Dries et al., 1988). 10 

Few bacterial strains are known to completely denitrify 
with hydrogen gas as the sole energy source. Evidence exists 
that a consortium of bacteria is often responsible for liydro- 
genotrophic denitrification. A list of several microorganisms 
isoalted from and identified in hydrogenotrophic, denitrify- 15 
ing biofilms is show in Table 1. Liessens et al. (1992) 
isolated a large diversity of organisms from a hydro- 
genntrophic dcnitrilication reactor. Acinctnbactcr sp., Acro- 
monas sp., Pseudomonas sp.. and Slntnincllti pnlrefaeiens 
were repeatedly isolated from the hydrogenotrophic sludge. 
In a hydrogenotrophic denitrification reactor at Rasseln, 
Germany. Selenka and Dressier (1990) characterized the 
chemolithotrophic bacteria present in the plant. They found 
bacterial strains as representatives of the genera 
Pseudomonas, Alcaligenes, and Achromobacter. The oppor- 25 
tunistic presence of Acinetobacter spp. unable to reduce 
nitrate in the plant was unclear, although these species may 
be involved in creating anoxic conditions (Liessens et al., 
1992). 

Several genera of hydrogenotrophic bacteria have been 30 
identified by the inventors to be useful in the preparation of 
zero-valent iron-supported cultures for remediation of a 
variety of contaminants and pollutants. In particular, species 
of bacteria selected from the group consisting of Acetobac- 
terium spp., Achromobacter spp., Aeromonas spp., Acine- 35 
tobacter spp., Aureobacterium spp., Bacillus spp., Comamo- 
nas spp., Dehalobacter spp., Dehalospirillum spp., 
Dehalococcoide spp., Desulfuiosarcina spp., Desulfomonile 
spp., Desulfobacterium spp., Enterobacter spp., Hydrogeno- 
bacter spp., Methanosarcina spp., Pseudomonas spp., 40 
Shewanella spp.. Methanosarcina spp.. Micrococcus spp., 
and Paracoccus spp are particularly preferred for the practice 
of the invention. These bacterial compositions may include 
one or more strains of bacteria selected from the group 
consisting of Acctohaclcrinm woodi, Aeromonas i? 
hvdrophiia. Aeromonas sobria. Alcaligenes enlmphns. 
Comamonas acidovorans, Dehalococcoide restrictus, Deha- 
lococcoide muhivonms. IMiahwiK-coidc cihenogene, Des- 
idfobaeleriiini liedje. lanerobaeler agglonwrans. Ilyiiro- 
genobacter thcrmophilus. Methanosarcina barkeri. M1 
Metlianosarcina muzei. Melliam isareina iliennopiiila, I'ara- 

I'scitdonnmas nuihopliiUa. Pseiubimmas meiahieina. and 
Shewanella pnlrefaeiens. Alternatively, hydrogenotrophic 
bacteria present in anaerobic sludge or anaerobic sediments ~° 
may also be used in the practice of the invention, and may 
be combined with one or more pure cultures of hydro- 
genotrophic bacteria for the development of compositions 
comprising mixed microbial cultures in combination with 
zero-valent iron. 60 



bacteria that are characterized by their ability to obtain 
energy by the oxidation of gaseous hydrogen (H 2 ) via 
anaerobic respiration with nitrate and synthesize cell mate- 
rial by the reductive assimilation of carbon dioxide (CO,) 
via the Calvin cycle. 

TABLE 1 



Uenitrificalbn ic 



Ucmmi.calian ic 
Dcnilnficalbn rc 
Dcnilnficalbn ic 
Dcnilnficalbn rc 
Denitrification re 
Denitrification re 
Denitrification re 
I Jcnilnficalbn rc 



Liessens et at., 1992 
Smith et at., 1994 
Liessens et al., 1992 
Liessens et al., 1992 
Dries et al., 1988 

■ Liessens et al., 1992 

■ Dries et al., 1988 
Liessens et al., 1992 

■ Liessens et al., 1992 
Liessens et al., 1992 

■ Liessens et al,, 1992 
al., 



Hydrogen metabolism is widely distributed among vari- 
ous well-described physiological groups of bacteria, such as 
the methanogenic and acetogenic bacteria, the sulfate- 
reducers, the organotrophic fermentative bacteria, or the 
N 2 -fixing bacteria (Madigan et al., 1987). Hydrogen is also 
reported to be a driving mechanism for the microbial deg- 
radation of micropollutants, such as atrazine, in soils and in 
drinking water (Wierinck et al, 1990). Aerobic hydrogen 
bacteria belong to different taxonomic groups and are all 
facultative autotrophs with one exception, Hydrogenobacter 
llierinnphilns. which is an obligate autotroph. The hydrogen 
bacteria all show versatile metabolism; many of them, 
especially those regarded as Pseudomonas and Alcaligenes 
are characterized by the ability to use a wide variety of 
carbon substrates (Mateju et al., 1992). So far, relatively few 
bacteria have been found that are able to denitrify nitrate, 
nitrite, or nitrous oxide under hydrogenotrophic conditions 
(Liessens et al., 1 992). 1 lydrogen-utih/ing, denitrifying bac- 
teria take up hydrogen gas by using two hydrogenase 
enzymes. The first enzyme is membrane bound and used in 
the production of ATP. The second enzyme is cytoplasmic 
(soluble) and directly reduces NAD + to NADH for 
autotrophic growth via the Calvin cycle (Madigan et al., 
1997). It can be seen from the following equation that the 
theoretical consumption of hydrogen is 0.35 mg H 2 per f mg 
N03 — N reduced to dinitrogen gas (N 2 ): 



4.6 Hydrogenotrophic Denitrifiers 
Since denitrification is a respiratory process, an oxidiz- 

able substrate or electron donor is required. Most of the Experimental H 2 requirements have been shown to be 

research and work done in the area of denitrification has 65 slightly higher than the stoichiometric values and range from 

been done with heterotrophic bacteria that utilize organic 0.38 to 0.40 mg H 2 per 1 mg N0 3 — N reduced to N 2 (Gros 

compounds. The present invention focuses on autotrophic et al., 1988, Dries ct al., 1988). 
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4.7 Methods of Nucleic Acid Delivery and DNA 
Transfection 

In certain embodiments, it is contemplated that nucleic 
acid segments encoding one or more of the bacterial 
enzymes required for the detoxification of one or more of the 
target pollutants may be cloned and used to transfect appro- 
priate host cells to provide genetically engineered recombi- 
nant microorganisms with enhanced activity for biorcmc- 
diation of particular contaminants. Technology for 
introduction of nucleic acids into cells is well-known to 
those of skill in the art. Four general methods for delivering 
a nucleic segment into cells have been described: 

(1) chemical methods (Graham and Van Der Eb, 1973); 

(2) physical methods such as microinjection (Capecchi, 
1980), electroporation (Wong and Neumann, 1982; 
Fromm et al., 1985) and the gene gun (Yang et al., 
1990); 

(3) viral vectors (Lu et al., 1993; Eglitis and Anderson, 
1988); and 

(4) receptor-mediated mechanisms (Curiel et al., 1991; 
Wagner et al., 1992). 

In a preferred embodiment, the engineering of recombi- 
nant autotrophic bacterial cells to contain DNA segments 
encoding modified denitrifying cn/ymcs is desirable for 
improved denitrifying bioreactors. In such an embodiment, 
a mutant nucleic acid is preferable in which the oxygen 
repression of the genes has been lessened or eliminated. 

4.8 Recombinant Host Cells and Vectors 

Particular aspects of the invention concern the use of 
plasmid vectors for the cloning and expression of various 
genes encoding detoxifying enzymes such as those involved 
in bioremediation of pollutants, and in particular, denitrifi- 
cation by autotrophic bacteria. The generation of recombi- 
nant vectors, transformation of host cells, and expression of 
recombinant proteins is well-known to those of skill in the 
art. Prokaryotic hosts are preferred for such expression, with 
those organisms listed in Table 1 being particularly pre- 
ferred. 

In general, plasmid vectors containing replicon and con- 
trol sequences which are derived from species compatible 
with the host cell are used in connection with these hosts. 
The vector ordinarily carries a replication site, as well as 
marking sequences which are capable of providing pheno- 
typic selection in transformed cells. 

Those promoters most commonly used in recombinant 
DNA construction include the fi-lactamase (penicillinase) 
and laclosc promoter systems (( 'hang el al., 1978; Ilakura el 
al, 1977; Goeddel et al., 1979) or the tryptophan (trp) 
promoter system (Goeddel et al., 1980). The use of recom- 
binant and native microbial promoters is well-known to 
those of skill in the art, and details concerning their nucle- 
otide sequences and specific methodologies are in the public 
domain, enabling a skilled worker to construct particular 
recombinant vectors and expression systems for the purpose 
of producing recombinantly engineered autotrophic bacte- 
rial host cells of the present invention. 

4.9 Site-Specific Mutagenesis 
Site-specific mutagenesis is a technique useful in the 
preparation of individual peptides, or biologically functional 
equivalent proteins or peptides, through specific mutagen- 
esis of the underlying DNA. The technique, well-known to 
those of skill in the art, further provides a ready ability to 
prepare and test sequence variants, for example, incorporat- 
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ing one or more of the foregoing considerations, by intro- 
ducing one or more nucleotide sequence changes into the 
DNA. Such mutations are particularly desirable in generat- 
ing mutant strains of autotrophic bacteria capable of detoxi- 
5 fying the pollutants of interest with improved properties or 
greater efficiency than native, unengineered bacterial cell 

Site-specific mutagenesis allows the production of 
mutants through the use of specific oligonucleotide 

i° sequences which encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent 
nucleotides, to provide a primer sequence of sufficient size 
and sequence complexity to form a stable duplex on both 
sides of the deletion junction being traversed. Typically, a 

15 primer of about 14 to about 25 nucleotides in length is 
preferred, with about 5 to about 10 residues on both sides of 
the junction of the sequence being altered. 

In general, the technique of site-specific mutagenesis is 
well known in the art, as exemplified by various publica- 

"° tions. As will be appreciated, the technique typically 
employs a phage vector which exists in both a single 
stranded and double stranded form. Typical vectors useful in 
site-directed mutagenesis include vectors such as the M13 
phage. These phage are readily commercially-available and 

25 their use is generally well-known to those skilled in the art. 
Double-stranded plasmids are also routinely employed in 
site directed mutagenesis which eliminates the step of trans- 
ferring the gene of interest from a plasmid to a phage. 

30 In general, site-directed mutagenesis in accordance here- 
with is performed by first obtaining a single-stranded vector 
or melting apart of two strands of a double-stranded vector 
which includes within its sequence a DNA sequence which 
encodes the desired peptide. An oligonucleotide primer 

35 bearing the desired mutated sequence is prepared, generally 
synthetically. This primer is then annealed with the single- 
stranded vector, and subjected to DNA polymerizing 
enzymes such as E. coli polymerase I Klenow fragment, in 
order to complete the synthesis of the mutation-bearing 

4Q strand. Thus, a heteroduplex is formed wherein one strand 
encodes the original non-mutated sequence and the second 
strand bears the desired mutation. This heteroduplex vector 
is then used to transform appropriate cells, such as E. coli 
cells, and clones are selected which include recombinant 

45 vectors bearing the mutated sequence arrangement. 

The preparation of sequence variants of the selected 
peptide-encoding DNA segments using site-directed 
mutagenesis is provided as a means of producing potentially 
useful species and is not meant to be limiting as there arc 

50 other ways in which sequence variants of peptides and the 
DNA sequences encoding them may be obtained, l or 
example, recombinant vectors encoding the desired peptide 
sequence may be treated with mutagenic agents, such as 
hydroxylamine, to obtain sequence variants. Specific details 

55 regarding these methods and protocols arc found in the 
teachings of Maloy et al., 1994; Segal, 1976; Prokop and 
Bajpai, 1991; Kuby, 1994; and Maniatis et al., 1982, each 
incorporated herein by reference, for that purpose. 

6Q 4.10 Biological Functional Equivalents 

In certain embodiments, the inventors contemplate the 
preparation of engineered microorganisms having the ability 
to detoxify water and wastewater contaminants using the 
methods disclosed herein. In one embodiment, the inventors 

65 contemplate the transformation of autotrophic bacterial 
cultures, such as those listed in Table 2, to provide "second 
generation" denitrifying cell lines which have improved 
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detoxification properties. Modification and changes may be 
made in the structure of the enzymes (or regulatory proteins) 
involved in this detoxification to provide such recombi- 
nantly engineered host cells. Such modifications would still 
lead to the creation of a host cell which encodes the 5 
necessary proteins, enzymes, or peptides to perform such 
biotic bioremediation. 

The following is a discussion based upon changing the 
amino acids of a protein to create an equivalent, or even an 
improved, second-generation molecule. The amino acid 10 
changes may be achieved by changing the codons of the 
DNA sequence, according to Table 2. 

For example, certain amino acids may be substituted for 
other amino acids in a protein structure without appreciable 
loss of interactive binding capacity with structures such as, 15 
for example, antigen-binding regions of antibodies or bind- 
ing sites on substrate molecules. Since it is the interactive 
capacity and nature of a protein that defines that protein's 
biological functional activity, certain amino acid sequence 
substitutions can be made in a protein sequence, and, of 20 
course, its underlying DNA coding sequence, and neverthe- 
less obtain a protein with like properties. It is thus contem- 
plated by the inventors that various changes may be made in 
the peptide sequences of the disclosed compositions, or 
corresponding DNA sequences which encode said peptides 25 
without appreciable loss of (heir biological utility or activity. 

TABLE 2 



I'hcnvlnbnine 
Glycine 
IlisliJinc 
Kolcucinc 



Ala A GCA GCC GCG GCU 

Cys C UGC UGU 

Asp D GAC GAU 

" ' \ GAG 



1'he 



uuu 



rGA GGC GGG GGU 

H CAC CAU 

I AUA AUC AUU 

Lysine Lys K AAA AAG 

Leucine Leu L UUA UUG CUA CUC CUG CUU 

Methionine Met M AUG 

Asparagine Asn N AAC AAU 



tyrosine Tyr Y UAC UAU 

In making such changes, the hydropathic index of amino 
acids may be considered. The importance of the hydropathic 
amino acid index in conferring interactive biologic function 
on a protein is generally understood in the art (Kyte and 
Doolittle, 1982, incorporate herein by reference). It is 
accepted that the relativ e hydropathic character of the amino 
acid contributes to the secondary structure of the resultant 
protein, which in turn defines the interaction of the protein 
with other molecules, for example, enzymes, substrates, 
receptors, DNA, antibodies, antigens, and the like. Each 
amino acid has been assigned a hydropathic index on the 
basis of their hydrophobicity and charge characteristics 
(Kyte and Doolittle, 1982), these are: isoleucine (+4.5); 
valine (+4.2); leucine (+3.8); phcn\ lalanine (+2.8); cysteine 
cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine 
(-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); 
tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate 
(-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); 
lysine (-3.9); and arginine (-4.5). 



It is known in the art that certain amino acids may be 
substituted by other amino acids having a similar hydro- 
pathic index or score and still result in a protein with similar 
biological activity, i.e., still obtain a biological functionally 
equivalent protein. In making such changes, the substitution 
of amino acids whose hydropathic indices are within +2 is 
preferred, those which arc within ±1 arc particularly 
preferred, and those within ±0.5 are even more particularly 
preferred. It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity. U.S. Pat. No. 4,554,101, incorporated herein 
by reference, states that the greatest local average hydro- 
philicity of a protein, as governed by the hydrophilicity of its 
adjacent amino acids, correlates with a biological property 
of the protein. 

As detailed in U.S. Pat. No. 4,554,101, the following 
hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0±1); 
glutamate (+3.0±1); serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (0); threonine (-0.4); proline 
(-0.5±1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). It is understood that an amino acid can be substituted 
for another having a similar hydrophilicity value and still 
obtain a biologically equivalent, and in particular, an immu- 
nologically equivalent protein. In such changes, the substi- 
tution of amino acids whose hydrophilicity values are w ithin 
±2 is preferred, those which are within +1 are particularly 
30 preferred, and those within ±0.5 are even more particularly 
preferred. 

As outlined above, amino acid substitutions are generally 
therefore based on the relative similarity of the amino acid 
side-chain substituents, for example, their hydrophobicity, 

35 hydrophilicity, charge, size, and the like. Exemplary substi- 
tutions which take various of the foregoing characteristics 
into consideration are well known to those of skill in the art 
and include: arginine and lysine; glutamate and aspartate; 
serine and threonine; glutamine and asparagine; and valine, 

40 leucine and isoleucine. 

4.11 Means for Preparing Site-Directed 
Mutagenized Enzymes 

45 In certain embodiments, engineered microorganisms may 
be developed to enhance the rate or specificity of pollutant 
detoxification by the autotrophic microorganisms. In 
particular, enzymes responsible for bacterial degradation of 
target pollutants, and the underlying DNA sequences which 

50 encode them may be mutagenized to improve performance 
of the biotic processes. As such, the invention concerns the 
preparation of mutants using recombinant DNA methodolo- 
gies which are known to those of skill in the art. 

Nucleic acid segments encoding degradative enzymes 

55 may be subjected to site directed mutagenesis to prepare 
variants having improved remediation properties as 
described above. One preferred method for the mutagenesis 
of such polynucleotides is the PCR™-based strand overlap 
extension (SOE) (Ho et al., 1989) method. The techniques of 

60 PCR™ are well-known to those of skill in the art, as 
described hereinabove. The SOE procedure involves a two- 
step PCR™ protocol, in which a complementary pair of 
internal primers (B and C) are used to introduce the appro- 
priate nucleotide changes into the wild-type sequence. In 

65 two separate reactions, flanking PCR™ primer A (restriction 
site incorporated into the oligo) and primer D (restriction 
site incorporated into the oligo) are used in conjunction with 
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primers B and C, respective! \ to generate PCR™ products 
AB and CD. The PCR™ products are purified by agarose gel 
electrophoresis and the two overlapping PCR™ fragments 
AB and CD are combined with Banking primers A and D and 
used in a second PCR™ reaction. The amplified PCR™ 
product is agarose gel purified, digested with the appropriate 
enzymes, ligatcd into an expression vector, and transformed 
into E. coli JMfOf, XLf-Blue™ (Stratagene, La Jolla, 
Calif.), .TM 105, or TGI (Carter et al., 1 985) cells. Clones are 
isolated and the mutations are confirmed by sequencing of 
the isolated plasmids. 

4. 12 Means for Expressing Enzymes Using 
Recombinant Vectors 

In many cases, it may be desirable to engineer the 
disclosed microorganisms to improve the detoxification 
activity of the cells in situ. A particular aspect of the present 
invention is the production of recombinant degradative 
enzymes in large quantity. Such methods are well-known to 
those of skill in the art, and have been described in detail 
hereinabove. To ovcrcxprcss one or more of the enzymes 
necessary for the detoxification of environmental 
contaminants, DNA fragments encoding the appropriate 
polypeptides may be cloned into a variety of expression 
vectors. Such vectors may contain a multiple restriction 
enzyme cloning site that situates the nucleic acid segment of 
interest such that its expression is controlled from an induc- 
ible promoter. Methods for determining orientation of the 
inserted segment, induction of the promoter, growth 
conditions, and restriction enzyme analysis, and recovery of 
the produced protein are well-known to those of skill in the 
art. Expression and quantitation of the polypeptides are 
determinable via standard methods such as SDS-PAGE, 
Western blot analysis, and protein determination assays. 

5.0 EXAMPLES 

The following examples are included to demonstrate 
preferred embodiments of the invention. It should be appre- 
ciated by those of skill in the art thai the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventor to function well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

5.1 Example 1 

Bioaugmentation of Fe(0) Barriers 

The inventors have shown that combining le(0) with an 
active methanogenic population can enhance the removal of 
chlorinated aliphatic compounds. Batch serum bottle assays 
with iron powder, iron filings, or steel wool were used to 
investigate the potential of the iron-methanogen treatment 
process. Flow-through column reactors packed with steel 
wool were also used. Systems were seeded with a metha- 
nogenic enrichment culture or with pure cultures of Metha- 
nosarcina barken or Mcihtmtxsarcina ihcrmophila. The 
transformation of carbon tetrachloride (CT) and its dechlo- 
rinated homologs, chloroform (CF) and dichloromethane 
(DCM), are described in this example. 

The iron-methanogen combination resulted in higher rates 
of removal and more complete dechlorination. FIG. 4A 
shows that CT removal is faster when both Fe(0) and the 
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methanogenic enrichment are together. The effect is even 
more pronounced with CF, which is produced from hydro- 
geno lysis of CT and is subsequently removed much with the 
iron-methanogen combination (FIG. 41?). Product distribu- 

5 tion is also better for the iron-methanogen combination, 
which exhibited more complete dechlorination (FIG. 5). 
These data and other studies have shown that when the 
methanogenic enrichment is present, the predominant prod- 
uct is DCM while CF is the dominant product with Fe(0) 

10 alone. With acclimation (5-10 days), DCM is subsequently 
biodegraded readily. Preliminary studies with pure cultures 
of Methanosarciiiii burkeri and Metlhinowcina ihcrmo- 
phila have shown that there may be a pathway shift (from 
hydrogenolysis towards reductive hydrolysis) when Fe(0) is 

15 bioaugmented; more 14 C0 2 is formed when the bacteria and 
Fe(0) are incubated together. 

Pseudo-first-order rate coefficients were determined in a 
different set of studies to evaluate the kinetic advantage of 
the iron-methanogen combination. For both carbon CT and 

20 CF, decay rate coefficients were significantly higher for the 
iron-methanogen combination than for the iron-only, 
bacteria-only, and iron-killed bacteria systems ( fable 3). 
The rate coefficient for the combined Fe(0) and live cell 
treatment was 2.4 times the sum of the rate coefficients for 

25 the separate treatments containing Fe(0) or live cells. I Ience, 
abiotic and microbial CF degradation processes were not 
independent when Fe(0) and cells were combined in a single 
reactor. This synergism w as attributed to tile production of 
catliodic (water-derived) hydrogen as a result of the oxida- 

30 tion of Fe(0). This increased the availability of primary 
substrates available for CF cometabolism. 

TABLE 3 



I'strno-tiRsi-oKDH i n -,n i own mats ior i i 

Treatment Pseudo-first-order rate coefficient (day -1 ) 

Fe(0) + live cells 0.72 

Fe(0) + killed cells 0.20 

live cells alone 0.10 

Fe(0) alone 0.08 



Column studies with CF and steel wool showed that the 
process is stable over time (FIG. 6). Removal of CF in the 
45 steel-wool column seeded with a methanogenic enrichment 

using H 2 as the sole electron donor is sustainable, an 
observation that was uncertain based on batch studies where 

50 methanogenesis was inhibited by the presence of CF. An 
active consortium of methane-producing organisms was 
established as evidenced by the increased production of 
methane (FIG. 7). 

It was shown that I e(0) abiotic-ally reduced nitrate to 

55 ammonium and that this process could be enhanced by the 
presence of autotrophic denitrifiers which reduce nitrate to 
more innocuous products (i.e., N ; 0 and N ; ). Such results 
are particularly important for environmental sites such as 
uranium mill tailings, where waste nitric acid is a common 

It has also been shown that removal of chlorinated com- 
pounds such as carbon tetrachloride can be accomplished 
under denitrifying conditi ins with the production of more 
oxidized end products (C0 2 ) than usually seen under 
•>.-• siilfatc-rcducing or methanogenic conditions (( 'riddle et al., 
f 990). Denitrifiers have also been shown to directly partici- 
pate in the removal of Cr(VI) from the aqueous phase (Guan 
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et al., 1993). Thus, the invention provides 
combined synergistic processes that combine Fe(0) sub- 
strates and detoxifying autotrophic bacterial systems to 
remove target environmental pollutants. 

Studies demonstrate that microbial-Fe(O) treatment sys- 
tems offer significant advantages over approaches where 
either process is used alone to treat reducible contaminants 
such as chlorinated compounds, Cr(VI), U(VI), nitroaro- 
matic compounds, and various agrochemicals. In a field- j 
scale application, cells grown in a fermenter or sludge from 
an anaerobic digester could be injected into a permeable, 
iron-containing, reactive barrier similar to that proposed by 
Blowes et al. (1995). For some compounds, combined 
microbial-abiotic systems may accelerate the rate of trans- 1 
formation and extent of mineralization. Nevertheless, the 
proliferation of bacteria in an improperly designed reactive 
barrier could reduce the hydraulic conductivity of the 
barrier, thereby hindering the flow of groundwater through 



Hydrogen produced from the corrosion of Fe(0) by FLO 
serves as energy source for the microbes and as electron 
donor for the biotransformation of reducible contaminants. 
The present invention provides the first reported combina- , 
tion of iron-microbial consortia for remediating pollution in 

Although H 2 is one of the most thermodynamically favor- 
able substrates for anaerobic microbes, its use as electron 
donor for bioremediation purposes has been limited by its - 
low solubility. The observation that cathodic H 2 can support 
reductive dechlorination and other reductive biotransforma- 
tions by anaerobic bacteria has significant application. 

5.1.1 Materials and Methods 
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Ci(Vl) + U(VI) 

Abiotic reactor with Fe(0), amended with TCE 
Abiotic reactor with Fe(0), amended with Ci(VI) 
Abio.ic lettcDi with 1-c u). amended will, I'tVI) 
Resting culls (without 1 c(H 1 1 attended with IX I + 
Cr(V[) + U(VI) 
Resting eells (without left).)) a 
Resting eells (without le(U)) a 
Resting eells (without le(ij)) a 
ISblcgioillv actixc lvNitho.it he-tti i. ted II,] amended 
with TCE + Cr(VI) + U(VI) 
•>lcgically active (without MO), led II..) amended 



th <Y(V[) 



1.1 Experimental Design 



Hatch aquifer microcosms have been used to evaluate the 
potential for anaerobic bacteria to enhance the removal of 
Cr(VI), U(VI), and TCE in the presence of Fe(0). In order to 
determine the effect of competing electron acceptors com- 
inonly round in (lie subsurface, fc(0) hioaugmcntation stud- 
ies were conducted under four electron acceptor conditions: 
denitrifying, iron reducing, sulfate reducing, and methano- 
genic. For each condition, biological and abiotic transfor- 
mation mechanisms are studied separately and interactively 
to evaluate potential synergistic effects and interaction 
mechanisms. Some microcosms were amended with Fc(0) 
alone, some with bacteria, and some received both bacteria 
and Fe(0). Positive controls for microbial activity consisted 
of Fe(0)-free microcosms fed H 2 . Sterile controls without 
Fe(0) were included to discern biodegradation from other 
potential losses (Table 4). 

To investigate potential synergistic or antagonistic sub- 
strate interactions, the transformation of the target com- 
pounds was studied when present together and separately. 
Differences in removal efficiencies and product distribution 
were evaluated statistically using Student's t-test at the 95% 
confidence level. These studies demonstrated the benefits ol 
combining Fe(0) with anaerobic bioremediation to remove 
various contaminant combinations. The data also establish 
time scales for removal of the large! contaminants below 
acceptable levels, and assesses the nature of the contaminant 
mixture and redox conditions and how they affect removal 
kinetics and product distribution. 



with TCE 

ISi.hcsicallv active twitho.it heitn. ted II, i amended 
withC'rlVI) 

111 -.logically active ,w ilhonl he..)], ted 11,1 amended 

with U(VI) 

Bijatmmented tei'O). amended with IX It + ('r(VI) + 

U(VT) 

Biaaugmented Ie((j). amended with 'IX It 
Bbaiigme.itcd with lei':)), amended with ('r(VI) 
Bijaugiiioatod teftj). amended with U(V1| 
Abiotic conttols (without bct'O). led II,). 
amended with TCE + Cr(VI) + U(VI) 

TOTAL 



In one study, an objective was to determine the effect that 
Fe(0) had on the viability of various microbial populations 
(i.e., denitrifiers, iron reducers, sulfate reducers, and 
mefhanogens) exposed to Cr(VI), U(VI), and chlorinated 
solvent mixtures, and to evaluate the effect that bacteria have 
on the abiotic reduction of the target contaminants by Fe(0). 

Another study determined how environmental factors and 
substrate interactions affected the efficiency of bioaug- 
mented Fe(0) barriers to attenuate the migration of chlori- 
nated solvents, radionuclide, and heavy melal mixtures 
under various electron acceptor conditions. Continuous flow 
aquifer columns were constructed to mimic in situ condi- 
tions of microbial and Fe(0) exposure to contaminant mix- 
tures (Table 5). As was the case with microcosm studies, 
biological and abiotic processes were studied separately and 
interactively to analyze the synergistic effect of combining 
I e(0) with microorganisms. Selected perturbations of the 
hydraulic regime and of the redox conditions were applied 
to evaluate how engineered manipulations affect removal 
efficiency and product distribution. 

The ability of bioaugmented Fe(0) barriers to remove 
excess nitrate and sulfate from uranium mill tailings is also 
evaluated in these columns. The effect of microbial growth 
on hydrodynamic properties may also be evaluated using 
tracer studies. 



TABLE 5 



n ow-muoi on < 01 r\t\ sits 



Abiotic column^, pached with aqtiilct n 
FetO), fed TCE + Cr(VT) + U(VI) 
Biologically active, packed with a.pi'le 
Fe(0)), fed TCE + Cr(VI) + U(VI) 
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TABLE 5-continued 



FLOW-THROUGH COLUMN SETS 



Set Number of 

Number Descripti on Replicates 

3 Biologically active, packed wit:i aquifer material 4- 2 
Fe(0), fed TCI'. + CkVI) + U(VI) 

4 Controls, packed with ; quifcr material (no Fc(0)), 2 
led bactericide + IX 'k + Cr(VI) + U(V[) 

TOTAL 8 



5.1.1.2 Microcosm Preparation 

Aquifer microcosms are prepared in triplicate with 200 
mL of basal mineral medium and 50 g of aquifer material in 
250-ml. serum bullies. The medium is bicarbonate-buffered 
near pi I 7. This provides bicarbonate for autotrophic grow I It 
and precludes confounding effects by phosphate buffers 
reacting with iron. Microcosms are purged continuously 
with N 2 /C0 2 (80/20 vol./vol.) to remove dissolved oxygen. 
Prior to capping them with Mininert valves, microcosms are 
amended with either Master Builder^Fe(O) filings (15% by 
weight) (Orth and Gillham, 1996), anaerobic bacteria, or 
both. The anaerobic bacteria are enriched from soil and 
sewage sludge under appropriate electron acceptor condi- 
tions. Sterile controls are autoclaved and poisoned with 
HgCL, (200 mg/1). No treatment controls (without Fe(0) or 
bacteria addition) are also prepared to obtain a baseline for 
comparing the effectiveness of different treatments. All 
microcosms are incubated quiescently in the dark at 20° C. 

The basal medium provides inorganic nutrients for micro- 
bial growth (e.g., NH 4 *, trace metals, and the respective 
electron acceptor(s)) and contains various combinations of 
target contaminants (Table 3). Initial concentrations are 
representative of those found at natural sites. Levels of TCE 
contamination have been reported as 0.0002-870 mg/L in 
groundwaters and 0.0002-12,000 mg/kg in soils and sedi- 

reporled as 0.004-9 nig I. in groundwater and 1-6,900 
mg/kg in soils and sediments; and levels of uranium con- 
tamination have been reported as 0-11,700 mg/L in ground- 
water and 0.0002-16 mg/kg in soils and sediments (Riley et 
al., 1992). 

Electron acceptors, H 2 , CH 4 , Cr(VI), Cr(III), U(VI), 
U(IV), TCE and its dechlorinated homologues are moni- 
tored over time in each microcosm to compare lag periods 
and biodegradation rates for different treatment sets. 

The lag period is determined as the time during which 

order rates can be estimated as the ratio of contaminant 
removed (corrected for appropriate controls) to the corre- 
sponding time after the lag period. This information is used 
to statistically evaluate the ability of different treatments and 
mixtures to stimulate (or inhibit) the degradation of indi- 
vidual contaminants. 

5.1.13 Aquifer Columns 
Eight glass columns,(58 cm long, 2.2 cm ID) equipped 
with lateral sampling ports are packed with aquifer material 
as described by Siegrist and McCarty (1987) (FIG. 8). One 
pair ("treatment" set) is packed with a mixture of aquifer 
material and Master Builder-»Fe(0) filings (15% by weight) 
(Orth and Gillhan, 1996) and is seeded with anaerobic 
microorganisms. Two pairs ("no-treatment" sets) are packed 



L9,902 Bl 

30 

with either seeded aquifer material alone or a aquifer mate- 
rial with Fe(0) filings alone; and a fourth pair ("sterile 
control" set) is [lacked w ith aquifer material and autoclaved 
for 4 h at 120° C. The feed solution to the sterile set also 

5 contains a bactericide (HgCl 2 at 200 mg L). Cr(VI), U(VT), 
and TCE is initially fed at 10 mg/1 (each). Influent analogue 
concentrations arc based on the findings of the aquifer slurry 
studies. Columns are fed in an upflow mode at 2 ml/h (about 
0.5 ft/day superficial velocity) using Harvard Model 22 

I" syringe pumps equipped with 100 ml gas-tiglrt glass and 
Teflon syringes (FIG. 9). Column effluents are analyzed 
regularly for residual target contaminants, pH, dissolved 
oxygen, nitrate, nitrite, sulfate, ferrous iron, and methane. A 
Microtox-»system is used to evaluate the efficacy of differ- 

15 ent columns in reducing the effluent toxicity. 

Bromide tracer studies are performed at the beginning and 
end of the study to determine changes in liquid detention 
time, pore volume, and dispersion in the packed columns. A 
bromide solution (50 mg 1) is continuously injected at 2 

20 ml/h. Effluent bromide concentrations are monitored until 
they reach influent levels. The mean liquid detention time is 
estimated as the time required for the effluent bromide 
concentration to reach 50', of the influent concentration. 
This time is multiplied by the flow rate in order to estimate 

25 the pore volume of the aquifer column. Porosity is calculated 
as the ratio of pore volume to the total volume of the column. 
The liquid detention time is also used as a baseline to 
evaluate potential retardation of target contaminants caused 
by adsorption. Retardation factors is estimated as the ratio of 

30 the time required for 50% breakthrough of BTX in sterile 
columns to the mean liquid retention lime. The dispersion 
coefficient is estimated by fitting the bromide breakthrough 
data to an advection/dispersion solution (van Genutchten 
and Parker, 1984). 

35 

5.1.1.4 Analytical Methods 

Gas chromatography with mass spectrometry (GC-MS), 
flame ionization (GC-FID), or electron capture (GC-ECD) is 

4n used for measurement of TCE and its degradation products. 
GC-MS is performed using a Finnigan MAT GCQ mass 
spectrometer (San Jose, Calif). A purge and trap extraction 
system (Tekmar 3000 Purge and Trap, Cincinnati, Ohio) is 
used for GC-MS analysis of volatiles, as described in EPA 

4J Method 8260A. The volatile organic chemicals 
perchloroethylene, trichloroethylene, dichloroethylenes, 
vinyl chloride, ethene and ethane are analyzed via these 
methods. 

Reduced iron is analyzed in solution by the ferrozine 

so method or the phenanthroline method (1992 Standard Meth- 
ods 3500-Fe D), and total dissolved iron is analyzed after 0.2 
«m membrane filtration by Perkin Elmer 3300 Atomic 
Absorption Spectrometer (Norwalk, Conn.) with carbon 
furnace (Standard Methods 3500-Fe B). 

55 Hexavalent chromium is analyzed calorimetrically using 
a modified SW-846 Method 7196A. In the absence of 
interfering amounts of substances such as molybdenum, 
vanadium, and mercury, Cr(VI) is determined by a red- violet 
color producing reaction with diphenylcarbi/ide in acid 

60 solution. 95 mL of sample extracted with .VJ sodium car- 
bonate (Katz, 1991) is mixed with 2 ml of diphenylcarba- 
zide solution and sulfuric acid is added to bring solution pH 
to approximately 2. The solution is allowed to stand for 10 
niin and is then transferred to a 1 cm cuvette for color imetric 

65 measurement at 540 nm. Kazi and Katz (1987) showed that 
this extraction procedure selectively removes both the 
soluble and insoluble hexavalent chromium without oxidiz- 
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ing the trivalent chromium. Digestion of the sample with a 
sulfuric-nitric acid mixture, and then oxidation with potas- 
sium permanganate, converts all chromium species to 
Cr(VI) (Clesceri et al., 1989). This is then reacted with 
diphenylcarbide and filtered to determine total chromium. 
The amount of Cr(III) is determined as the difference 
between total chromium and Cr(VI). The presence of Cr(III) 
may be confirmed by electron spin resonance spectroscopy 
(Fieber et al., 1964). 

Total dissolved uranium is measured by radiochemical 
methods (Standard Methods 7500-U B). Radioisotopes 235, 
and 238 may be separated by the isotopic method using 
electrodeposition (Standard Method 7500-U C). These 
analyses are performed using a Beckman LS6000IC liquid 
scintillation counter (Fullerton, Calif.). 

5.2 Example 2 

Fe(0) as an Electron Donor and Energy Source for 
ISAD 

To demonstrate that Fe(0) can serve as the ultimate 
electron donor and energy source for chemoautotrophic, 
biological dentrilication, a dual-llask apparatus was used 
(see FIG. 9, insert). Two 250-ml Erlenmeyer flasks were 
fused at the top. An opening was made on the side of each 
flask for sample addition or removal. One flask contained 10 
g of Fe(0) and 100 ml of water, and the other flask contained 
100 ml of mineral medium with nitrate (40 mg/1 as N). The 
flasks were purged with N 2 /C0 2 (80:20, vol./vol.) following 
inoculation with P. denitrificans. This set up permitted the 
diffusion of cathodic H 2 from the Fe(0)-containing flask 
through the connecting glass tubing to the seeded flask while 
avoiding potential microbial inhibition by iron species. 
Nitrate was removed below detection limits within 5 days in 
this apparatus with a concomitant increase in microbial 
concentration as measured by optical density at 600 nm 
(FIG. 9). No nitrate removal or microbial growth was 
observed in control runs, lacking either nitrate, Fe(0) or 
inoculum, indicating the Fe(0) corrosion and nitrate reduc- 
tion were coupled via hydrogenotrophic denitrifiers. 

Studies were also conducted in batch reactors to investi- 
gate nitrate reduction kinetics and to determine biotic and 
abiotic nitrate removal products in the presence of iron 
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reactors were seeded with hydrogenotrophic denitrifiers, 
either axenic cultures of P. denitrificans Al'CC 17741 and P. 
tleniirifkwi\ (foi n*. rlv I'hiosphiura punt' >m )/>/;</), AI'C'C 
35512, or mixed cultures of indigenous aquifer microorgan- 

5 isms enriched with H 2 and nitrate. Control (unseeded) 
reactors were similarly prepared. The reactors were purged 
with N 2 /C0 2 (80:20, vol./vol.) following inoculation to 
remove dissolved oxygen and to provide a carbon source of 
autotrophic growth. 

Iu In the absence of bacteria. FelOi powder exhibited faster 
rates for both nitrate removal and H 2 production than Fe(0) 
filings. This was attributed to the higher specific surface area 
available for reaction in the Fe(0) powder. In seeded 
reactors, however the more reactive Fe(0) powder had an 

1:1 inhibitory effect on biological dentrilication. This was attrib- 
uted to the large increase in pH (pH>10) due to Fe(0) 
corrosion The inhibitory effect of high pi I on dentrilication 
was verified in separate incubations with II 2 -fed P. 
denitrificans, which ceased to remove nitrate at pH values 

"° greater than 1 0. Rectors containing Fe(0) filings and bacteria 
did not exhibit such a large pH increase and completely 
removed the added nitrate within one month, while abiotic- 
reactors with Fe(0) filings did not. Thus, denitrifiers had a 
more beneficial effect when combined with the less reactive 

23 Fe(0) filings than with the more reactive Fe(0) powder. 

Batch studies were also conducted to compare the fate of 
nitrate when Fe(0) powder, steel wool, or H 2 gas served as 
electron donors. An axenic culture of P. denitrificans was 

30 used for inoculation. An acetylene block technique was 
performed on seeded reactors to quantify biological dentri- 
fication (per N 2 0 accumulation) As in the previous study, 
faster nitrate removal occurred in reactors containing Fc(0) 
powder than in reactors containing steel wool or H 2 gas. 

35 Incubation times to remove all of the added nitrate (50 mg/1 
as N) were 8 days for the seeded reactors amended with 
Fe(0) powder and 12 days for the seeded reactors amended 
with steel wool or with H 2 gas. Nevertheless, the end 
products for the reactors containing steel yvool more closely 

4 0 resembled the ideal H 2 -amended reactors (Table 6), where 
most of the initial nitrate was biologically denitrified (as 
shown by N 2 0 accumulation) rather than reduced to the less 
favorable product, ammonium, as seen in the reactors con- 
taining Fe(0) powder. 
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powder (2.02 m~/g, Aldrich Chemical Co., Milwaukee, 
Wis.), iron filings (0.14 m 2 /g, Fisher Chemical Co., 
Fairlawn, N.J.), and steel wool (0.0075 m 2 /g, Rhodes 
American, Chicago, 111.). Serum bottles (250 ml) capped 
with Miniert® valves were filled with 100 ml of carbonate- 
buffered, minimal medium with nitrate (50 mg/1 as N). Ten 65 fusing two 25 mm, threaded-glass connectors (Ace Glass, 
g of acid-washed Fe(0) powder. I-'e(O) filings, steel wool, or Vineland, N.J.) together. The columns had an inner diameter 
40 ml H 2 (1 atm) gas were used as electron donors. Some of 2.5 cm and were 26.5 cm long. The ends were sealed with 



j To investigate the ability of bacteria to sustain nitrate 
removal in Ihe presence of Fe(0) in a flow-through system, 
columns packed with steel wool and seeded with mixed 
cultures of indigenous, aquifer denitrifiers were operated 
over several months. The columns used were constructed by 
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Uncalled, PI TL stoppers containing lillcd-glass lillci disc's 
(Ace Glass). Sampling ports were made along the length of 
the column by making a small opening and fusing a 1.5 dram 
vial with the bottom cut of onto the column. The sample 
ports were capped with f3 mm, Teffon©-lined Mimnert© 
valves (Alltech Associates, Inc., Deerfield, 111.). 

Mineral medium containing nitrate (50 mg/1 as N) was 
pumped in an up-flow mode into the columns using a 
Masterflex® (Barrington, 111.) 7523-30 peristaltic pump with 
a 7519-15 pump head. The influent reservoir was a 25-liter 
Nalgene™ polyethylene carboy (Nalge Co., Rochester, 
N.Y.). The influent reservoir was continually purged with an 
N 2 /C0 2 (80:20, vol./vol.) gas mix using Masterflex® 6426- 
16 tubing (3.1 mm inner diameter) with a stone diffuser. The 
influent tubing was Masterflex® 6402-14 tubing with 1.6 
mm inner diameter. The lubing was approximalely 2.4 m 
long, running from the bottom of the influent reservoir to the 
head of the column. The effluent tubing was Teflon® having 
an inner diameter of 1.6 mm and a length of about 0.5 m. The 
end of the effluent tubing was adapted for sampling with a 
flangeless ferrule and nut arrangement, a t/4-28 adapter 
male luer lock fitting. Hamilton (Reno, Nev.) 3-way sam- 
pling valves were placed influent and effluent to the columns 
in order to redirect flow for sample collection, dissolved 
oxygen measurement, or to stop flow in the system. Pre- 
liminary results over 4 months show that this is a sustainable 
process, and that seeded columns exhibit higher nitrate 
removal efficiencies (60%) than unseeded controls (40%). 

5.3 Example 3 

Cathodic H 2 as Electron Donor for CHC1 3 Co- 
Metabolism by a Mixed, Methanogenic Culture 

Ihc inventors liavc exploited the use of elemental iron 
(Fe°) for treatment of highly chlorinated organic com- 
pounds. While early studies found little microbiological 
contribution to degradation in laboratory and field tests, 

recenl work has focused exclusively on abiolic processes. In 
studies conducted with a mixed, methanogenic culture, 
however, pseudo-first-order rate coefficients for chloroform 
degradation were at least 3.6 times greater in serum bottle 
incubations containing 40 mesh iron filings and live cells as 
compared lo incubations containing Fe ' and killed cells, 
Fe°-free incubations with live cells. CF cometabolism and 
methanogenesis was apparently supported using cathodic 
hydrogen produced by anaerobic corrosion of the added Fe°. 
The use of selective microbial inhibitors showed that 
H 2 -consuming methanogens and not homoacetogens were 
responsible for CF degradation. The suslainability of the 
process was established in a 60-day column study using steel 
wool as support for microbial growth. The observation that 
cathodically produced H 2 can support reductive dechlorina- 
tion by anaerobic bacteria has significant practical implica- 

5.3.1 Materials and Methods 
5.3.1.1 Batch Reactors 

Batch studies were conducted in the dark at 20° C. using 
25 mL liquid volume in sealed, 38 mL serum bottles. 
Duplicates were used for all treatments. Bottles were incu- 
bated in an inverted position on a circular action shaker table 
(Lab-Line) at 200 rpm. Initial batch studies examined the 
effect that amending methanogenic incubations with Fe° had 
on the kinetics of CF transformation. Iron filings (2 g, 40 
mesh, specific surface area (1.237 m g. Malinkrodt) were 



weighed into selected bottles. Bottles were then filled with 
DI water, sealed with Teflon™-coated rubber septa (West 
Co., Phoenixville, Pa.), and capped with aluminum crimp 
caps. Bottles were flushed with N, CO, gas (80:20, v/v) 

5 through the septa to displace the water. A 100 mL glass, 
gas-tight syringe (Scientific Glass Engineering, Australia) 
was used to inject bottles with 25 mL of cither freshly 
prepared mineral medium, cell suspension from a stock 
culture reactor, or autoclaved cell suspension (120° C. for 20 

10 min). The headspace gas exited through a 25-gaugc needle. 
The mineral medium used in these studies was the same as 
that supplied to the stock culture reactor. Transformation 
studies were initiated by injecting a volume of CF stock 
solution through the septum with a fO fiL syringe. CF-free 

15 controls containing iron and live cell suspension were used 
to investigate the inhibition of methanogenesis by CF. 
Bottles were sampled periodically for CF, DCM, hydrogen, 
and methane. The liquid-gas mass transfer coefficient, K L a 
was determined using the method of Tatara et al. (1993). 

20 A study was conducted to elucidate the possible roles of 
methanogens and homoacetogens in cathodic hydrogen con- 
sumption and CF degradation. Two microbial inhibitors 
were used for this purpose: bromoethanesulfonic acid 
(BESA) and vancomycin. BESA is a specific methanogenic 

25 inhibitor (Sparling and Daniels, 1987). Vancomycin is an 
antibiotic that inhibits eubacterial cell wall formation (Bock 
and Kandler, 1985). Incubations containing 2 g of iron 
filings were amended with neither, one, or both of the 
inhibitors at concentrations of 50 mM BESA (Zinder et al, 

30 1984; Aguilar et al., 1995) or 100 mg/L vancomycin 
(DiStefano et al., 1992; Aguilar et al., 1995; Freedman and 
Gossell, 1989; Perkins et al., 1994). Fe°-free incubations 
with a N 2 /C0 2 headspace received 2 mL of H 2 /C0 2 gas and 
neither, one, or both of the inhibitors at the same concen- 

35 trations. The bottles were sampled daily for hydrogen and 
methane. When hydrogen reached low levels in some of the 
IF-amcndcd incubations, the headspace of all of the 
H 2 -additional 2 mL of H 2 /C0 2 gas was injected into the 
serum bottles. This cycle was repeated once more, and this 

40 time a volume of CF-salurated stock was also injected into 
the bottles. 

5.3.1.2 Column Reactors 
A study employing column reactors was conducted over 

45 a 60-d period to determine if the CF degradation activity 
observed with batch reactors was sustainable. Three glass 
chromatography columns (2 cm i.d.x20 cm) were used to 
study the transformation of CF under continuous-flow con- 
ditions. Steel wool (0.0075 m 2 /g, Medium 1, Rhodes/ 

5n American, Chicago, III.) was used as an iron source and 
physical support for the attachment of bacteria. The chemi- 
cal composition of the steel wool, as reported by the 
manufacturer, was (in %) Fe (52), Si (30), C (16), Mn (1.25), 
P(0.7), and S (0.05). Two columns were packed end-to-end 

55 with 5.5 g sections of an unrolled steel wool pad. The third 
column was used as a sterile (autoclaved) control to evaluate 
volatilization losses and was filled with 5 mm-diameter glass 
beads. One steel wool-filled column was seeded with two 
100 mL aliquots of cell suspension from the stock culture 

«• reactor using a 100-ml. glass, gas-tight syringe. The micro- 
organisms were allowed to colonize the steel wool for 2 days 
with no flow to the column. The columns were then operated 
for 2 w with CF-free influent, using the same medium that 
was supplied to the stock culture reactor, but without the 

65 addition of acetic acid. The medium was buffered by adding 
1 mL of 1 N HC1 to 200 mL of fresh medium and then 
adjusting the pH to 6.7 with NaHC0 3 . After 2 w, CF was 
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added to the feud solution from the CF stock solution using 
a 10 /uL syringe. Influent was pumped into the columns 
through Teflon™ tubing from 25 mL glass, gas-tight 
syringes (Hamilton) with a syringe pump (Harvard 
Apparatus). The columns were fed upflow at a volumetric : 
flow rate of 7.9 mL/d. The porosity of the steel wool- and 
glass bead-filled columns was 0.90 and 0.30, respectively, 
resulting in superficial velocities of 2.8 and 8.4 cm/d and 
hydraulic retention times of 7.2 and 2.4 d, respectively. 
Effluent samples were taken with disposable syringes i 
attached to Teflon™ tubing, which extended to the top of the 
steel wool or glass beads. 

5.3.1.3 Chemicals and Stock Solutions 
CF (high-performance liquid chromatography (HPLC) i 
grade) and DCM (certified American Chemical Society 
(ACS) grade) were purchased from Fisher Scientific 
(Pittsburgh, Pa.). Stock aqueous solutions of CF and DCM 
were prepared by adding about 5 mL of each chemical to 25 
mL of autoclaved, distilled deionized water in 43 mL glass 2 
serum bottles sealed with Teilon™-lined rubber septa and 
aluminum crimp caps. Other chemicals used included acetic 
acid (glacial, Malinkrodt), methane gas (100%, Scott Spe- 
cialty Gases), 2-bromoethanesulfonic acid (98%, Aldrich 
Chemical Company, Milwaukee, Wis.), and vancomycin 2 
(Sigma Chemical Company, St. Louis, Mo.). 

5.3.1.3 Stock Culture Reactor 
The source of organisms was a magnetically stirred, 9.5 L 
glass reactor containing an acetate -enriched methanogenic 3 
cell suspension volume of 8 L. The reactor was maintained 
at 20° C. with a 40-d hydraulic retention time, such that 200 
mL of cell suspension was removed daily and replaced with 
fresh medium. The medium recipe has been listed previously 
(Hughes and Parkin, 1996). The medium was buffered with 3 
NaHC0 3 as needed to maintain a reactor pH of 6.9±0.1. The 
volatile suspended solids concentration of the reactor aver- 
aged 245±20 mg/L (n=5) at the time the studies were 
conducted. 

5.3.1.4 Analytical Methods 
CF, DCM, H 2 , and CH 4 were determined by gas chroma- 
tography (GC) using headspace analysis. Headspace 
samples were withdrawn using a locking, gas-light syringe 
(Precision Sampling Corp., Baton Rouge, La.) equipped 4 
with a 22-gauge side-port needle and then injected into a 
GC. The headspace of 38 mL batch reactors was directly 
sampled by this method. For the column reactors, a 1 mL 
aqueous sample was taken from an effluent sample port with 
a 3 ml. disposable plastic syringe and. using a 25-gauge ? 
needle, injected into a 5 mL glass vial sealed with a 
Teflon™-coated, rubber septum and screw cap. The head- 
space of this bottle was then injected into a GC. 

CF was analyzed using an HP 5890 Series II GC equipped 
with an electron capture detector and a DB-5 capillary 5 
column (J and W Scientific, Folsom, Calif.). DCM and CH 4 
were analyzed on a HP 5890 Series II GC equipped with a 
flame ionization detector and a DB-WAX capillary column 
(J and W Scientific). H 2 was analyzed on a HP 5890 Series 
II GC equipped with a thermal conductivity detector using t 
aHayesep Q packed column (Alllech Associates). For the 38 
mL batch reactors, sample sizes for CF, DCM, H 2 , and CH 4 
were 100, 500, 100, and 100 pL, respectively, with corre- 
sponding detection limits of 1.7. 15.3, 188. and 9.3 nmol 
bottle, respectively. For the column reactors, a 500 //L ( 
sample size was used for CF, DCM, and CH 4 , and detection 
limits were 0.07, 0.78, and 2 fiM, respectively. 



Acetate concentrations were determined by HPLC analy- 
sis using a PRP-X300 column (Hamilton), Gilson Model 
306 pump, and Model 805 manometric module (pulse 
dampener). Peak areas were integrated using Gilson 712 
Controller Software version 1.2. The detection limit was 
approximately 0.08 mM. 

Biomass was measured as volatile suspended solids using 
Method 2540 E in Standard Methods (APHA, 1985). The 
pH was measured with a pH meter (Beckman Model F 72) 
and combination electrode (Fisher Scientific, Pittsburgh, 
Pa.). 

5.3.2 Results 
5.3.2.1 Batch Reactors 

CF was transformed most rapidly in the incubations 
containing live cells and Fe° (FIG. 10A). DCM was detected 
only in the treatments containing cells and IV (FIG. 1015). 
The H 2 concentration in the incubations containing live cells 
and Fe° differed sharply depending on the presence of CF. 
H 2 behavior in the incubation containing live cells, Fe°, and 
CF was similar to H 2 behavior in the treatment containing 
mineral medium and iron until the CF concentration in the 
live cell-Fe° — CF treatment reached low levels, whereas II 2 
in the CF-free incubation containing live cells and Fe° 
remained at low levels throughout (FIG. 10C). Likewise, CF 
affected methane production in the live cell-Fe° treatments; 
low levels of methane were measured in the live cell-Fe° 
incubation containing ( I until the ( I concentration reached 
low levels, while methane was steadily produced at a faster 
rate in the CF-free live cell-Fe° incubation (FIG. 10D). 

CF was rapidly transformed and DCM was produced 
when Fe°-free incubations containing live cells were 
amended with 2 mL of H 2 /C0 2 (80:20, v/v) gas (FIG. 11). 
The slow disappearance of CF in the H 2 -free control con- 
taining live cells indicated that an external electron donor 
was required lor rapid CI transformation. Furthermore, 
adding II, to incubations containing autoclaved cell suspen- 
sion had little effect on CF transformation, indicating that 
CF transformation using H 2 as an electron donor was 
enzymatic. 

FIG. 12A and FIG. 12B show the impact of the inhibitors 
on cathodic hydrogen and methane levels in the incubations 
containing cells and iron. The behavior of the incubations 
was controlled by the methanogenic inhibitor BESA: bottles 
containing BESA alone or BESA and vancomycin 
responded similarly, while bottles containing vancomycin 
alone or no inhibitor behaved similarly. Hydrogen levels 
were similar in all bottles lor the first 2 days. After this, the 
H 2 concentration in the BESA-amended incubation sets 
continued to increase, while the concentration of H 2 in the 
vancomycin or inhibitor-free incubations decreased, even- 
tually becoming nondelegable (FIG. 12A). Similarly, 
methanogenesis was inhibited in both incubation sets con- 
taining I5LSA as compared to the inhibitor-free incubations 
or the incubations containing vancomycin only (FIG. 12B). 

FIG. 13A, FIG. 13B, and FIG. 13C show the impact of the 
inhibitors on hydrogen consumption, methane production, 
and CF transformation in incubations supplied with H 2 . In 
general, the behavior of the incubations was controlled by 
BESA, and vancomycin alone had no effect. During the first 
2 days, neither of the inhibitors appeared to affect H 2 
consumption. After this, however, the rate of H 2 consump- 
tion in the incubations containing vancomycin or no inhibi- 
tor remained steady, while the rate of H 2 consumption in the 
incubations amended with BESA alone or BESA and van- 
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comycin decreased (FIG. 13A). The relatively constant H 2 
concentration in the control reactor confirmed that the 
decrease in the H 2 levels in the live cell incubations was not 
due to volatile losses. Acetate was not detected (<0.08 mM) 
in liquid samples taken from the incubations during the first 
3 days. Methane production in the incubations containing 
BESA alone or BESA and vancomycin was severely inhib- 
ited in comparison to methane production in the 
vancomycin- or inhibitor-free incubations (FIG. 13B). When 
bottles were resupplied with H 2 , vancomycin had no effect 
on either H 2 consumption or methane production, while 
BESA severely inhibited both (FIG. 13A and FIG. 13B). 
Bottles were resupplied with H 2 on the ninth day and spiked 
with CF. Vancomycin alone had no impact on CF transfor- 
mation (FIG. 13C). Moreover, the rate of CF transformation 
in incubations amended with BESA alone or BESA and 
vancomycin was similar and lower than in BESA-free 
incubations. Hydrogen consumption and methane produc- 
tion were inhibited in the presence of CI'. 

5.3.2.2 Continuous-Flow Column Studies 

The CF concentration in the effluent from the abiotic, steel 
wool column, averaging 0.41±0.17 //M, was consistently 
greater than that from the methanogenic, steel wool column, 
which averaged 0.00±0.02 fM CF (FIG. I4A). In fact, on 
only one occasion was CF detectable in the methanogenic 
column clllucnt. A small peak on chromatograms was visible 
at the DCM elution time (2.3 min) in samples from these two 
columns on several sampling events; however, this peak was 
not integrated. The effluent from the glass bead control 
column, 1.29+0.85 pM CF, was not statistically different (at 
the 95% level) from the influent CF concentration, 
1.61±0.49 fM CF. This indicated that the loss of CF addition 
was initiated and increased 1 order of magnitude during the 
next 36 d to 7.43 mg of CH 4 /L on d 61 (FIG. 14B). The pH 
of the effluent from the methanogenic, steel wool column 
and the abiotic, steel wool column was 8.3 and 8.7, respec- 
tively. 

5.3.3 Discussion 

When the data shown in FIG. 4A was plotted as In(M/M 0 ) 
versus t (where M is the total mass of CF (nmol of CF) in 
at bottle at time t, and M 0 is the initial mass of CF (nmol of 
CF)), linear plots were produced, indicating that CF trans- 
formation rates followed first-order kinetics. Slopes of these 
plots, i.e., pseudo-lirsl-order rate coefficients. K(d"'), were 
then compared. The CF transformation rate coefficient for 
the treatment containing Fe° and live cells, 0.72 d" 1 (r 2 = 
0.96), was greater than the value of k for the treatment 
containing live cells only, 0.10 d" 1 (r 2 =0.8f ); killed cells and 
l f c°, 0.20 d _1 (r=0. 99); and mineral medium and Fe°, 0.08 
d -1 (r 2 =0.63). The large value of the gas- liquid mass transfer 
coefficient, K L a, 95 d -1 , ensured that CF transformation 
kinetics were not limited by the rate of mass transfer 
between the liquid and gas phase. 

Interestingly, combining Fe° and live cells was synergistic 
with respect to CF degradation; the rate coefficient for the 
combined Fe° and live cell treatment was 2.4 times the sum 
of the rate coefficients for the separate treatments containing 
Fe° or live cells. Hence, abiotic and microbial CF degrada- 
tion processes were not independent when Fe° and cells 
were combined in a single reactor. This synergism appar- 
ently resulted from the production of hydrogen as a result of 
the oxidation of Fe° (Reardon, 1996), which was then used 
as a primary substrate for CF cometabolism. The detection 
of hydrogen in the incubations to which Fe° was added (FIG. 
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4C) and the stimulation of CF degradation when hydrogen 
was added directly support these conclusions (FIG. 5). 

Reductive dechlorination is an electron-consuming 
process, the stimulation of which by the addition of an 

5 exogenous electron donor is common (Bagley and Gossett, 
1995; Freedman and Gossett, 1989; Fathepure and Boyd, 
1988). Although H 2 stimulated CF degradation, CF inhibited 
hydrogen consumption and methane production (FIG. 4C 
and FIG. 4D), which is a common effect of CF on metha- 

1Q nogenic systems (Hughes and Parkin, 1996; Bauchop, 1967; 
Thiel, 1969; Swanwick and Foufkes, 1971; Prins et al, 
1972; Yang and Spcccc, 1986; Hickcy et al, 1987). It should 
be noted that, while the consumption of 11, in incubations 
containing CI' is not noticeable (FIG. 10C), only 1 nmol of 
H 2 is required for the reduction of f nmol of CHC1 3 to 

15 CH^, according to 

CHCl 3+ H 2 ^CH 2 Cl 2+ ir + Cr (Equation 17) 

Consequently, during the first 3 d, for example, a negligible 
amount (about 0.1C) of the IF produced (at least 60 /imo\ 

20 of H 2 ) would have been required for the degradation of 
about" 80 nmol of CF. 

The studies conducted with microbial inhibitors support 
the hypothesis that methanogenic bacteria were responsible 
for cathodic hydrogen consumption and CF dechlorination 

25 using cathodic hydrogen as electron donor. Vancomycin, 
shown by Murray and Zinder (1984) to inhibit eubacteria at 
the concentration used in this study, 100 mg/L, had little or 
no impact on cathodic hydrogen consumption or mclhano- 
gencsis when added alone to bottles containing iron (FIG. 

30 12A and FIG. 12B). In contrast, BESA, a methanogenic 
inhibitor, inhibited both of these processes to a similar 
degree regardless if added alone or with vancomycin (FIG. 
12 A and FIG. 12B). Similar results were seen in treatments 
to which hydrogen was added directly: vancomycin had no 

35 impact on hydrogen consumption or methanogenesis when 
added alone, while both of these processes were inhibited in 
bottles that contained BFSA alone or BFSA and vancomycin 
(FIG. 13A, FIG. 13B). Utilization of hydrogen by metha- 
nogens for metabolic purposes may account for the decrease 

mi in hydrogen concentration in the BFSA-inhibitcd incuba- 
tions in the early stage of this study. Acetate, a product of 
homoacetogens, was not detected. Furthermore, vancomy- 
cin by itself had no impact on ( f degradation as compared 
to an inhibitor-free control (FIG. 13C). In contrast, CF 

-5 degradation was inhibited to the same degree in bottles 
containing BESA alone or BESA and vancomycin, com- 
pared to an inhibitor-free control (FIG. 7C). The slow rate of 
CF degradation in the BESA-inhibited bottles supports the 
hypothesis that methanogens were responsible for CF deg- 

50 radation. BFSA is a structural analogue of coenzyme M 
(2-mcrcaptocthanc sulfonic acid) (Sparling and Daniels, 
1987), which is unique to methanogens (Balch and Wolfe, 
1979). The prosthetic group of methyl reductase is coen- 
zyme F 430 (Ellefson et al., 1982), a nickel porphynoid that 

55 facilitates the reduction of CF and other chlorinated aliphat- 
ics in abiotic studies when a bulk reducing agent such as 
titanium (III) citrate or dithiothreitol is provided (Krone et 
al., 1989a; Gantzer and Wackett, 1991). Methanogens con- 
tain other metallocoenzymes, such as cobalt corronoids, that 

60 are not directly affected by BESA and that have also been 
shown to reduce CF and other chlorinated aliphalics 
(Gantzer and Wackett, 1991; Krone et al., 1989b; 1991; 
Assaf-Anid et al., 1994; Chiu and Reinhard, 1995; 1996; 
Stromeyer et al., 1992; Fewis et af, 1996). Hence, although 

65 BESA may completely inhibit methanogenesis and F 430 - 
mediated CF reduction, BESA may not stop the degradation 
of CF by pure or mixed methanogenic cultures. 
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Hie extent of CF removal in the microbial steel wool 
column was consistently greater than in the abiotic column 
during the 60-d experimental period. This illustrates that CF 
cometabolism by anaerobic bacteria using cathodic hydro- 
gen as the sole electron donor is sustainable, a finding that 5 
was uncertain based on the batch studies where methano- 
genesis was stronglv inhibited in the presence of CF (FIG. 
10A, FIG. 10B, FIG. 10C, and FIG. 10D). The increase in 
the concentration of methane in the effluent from the micro- 
bial steel wool column no doubt reflects the growth of M 
hydrogenotrophic mefhanogens u Minn the column as well as 
acclimation to CF. Based on the presumed increase in 
incthanogenic bioinass dining the study, it is reasonable to 
assume that higher influent CF concentrations than those 
studied here could be reduced to nondetectable levels in the 
effluent. 15 

This example illustrates the utility of microbial metallic 
iron treatment systems as an advantage over abiotic zero- 
valent iron schemes. In a field-scale application of this 
technology, cells grown in a fermenler or sludge from an 
anaerobic digester could be injected into a permeable, iron- 20 
containing, reactive barrier similar to the reactor originally 
proposed by Blowes et al. (1995). For some compounds, 
combined microbial abiotic systems may accelerate the rate 
of transformation and extent of mineralization; 
dichloromethane, a CF dechlorination product, does not 25 
undergo measurable abiotic transformation by iron 
(Vlalheson and Tralnyek, 1994) but can be utilized as a 
growth substrate by acclimated anaerobes (Freedman and 
Gossett, 1991; Stromeyer et al., 1991; Braus-Stromeyer et 
al., 1993; Maegli et al., 1995). Conversely, anaerobic bac- 30 
teria reduct TCE to ethene or ethane via dichloroethylene 
and vinyl chloride (Freedman and (iosscll, 19N9; Wild el al , 
1995), while abiotic iron systems reduce TCE to ethene and 
ethane without the production of these intermediates (Orth 
and Gillham, 1995). 35 
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All of the compositions, methods and apparatus disclosed 
and claimed herein can be made and executed without undue 
experimentation in light of I he present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 20 
apparent to those of skill in the art that variations may be 
applied to the compositions, methods and apparatus and in 
the steps or in the sequence of steps of the methods 
described herein without departing from the concept, spirit 
and scope of the invention. More specifically, it will be 25 
apparent that certain agents which are both chemically and 
physiologically related may be substituted for the agents 
described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications 
apparent to those skilled in the art are deemed to be within 50 
the spirit, scope and concept of the invention as defined by 
the appended claims. 
What is claimed is: 

1. A device comprising a composition comprising one or 
more autotrophic hydrogenotrophic bacteria in culture 35 
medium comprising zero-valent iron, wherein said device is 
comprised within a water-, wastewater- or sewage-treatment 
system or a system for remediating pollution in an aqueous 
solution or an environmental site. 

2. The device in accordance with claim 1, wherein said 40 
hydrogenotrophic bacteria comprise one or more species of 
bacteria selected from the group consisting of Acetobaete- 
rium spp., Achromobacter spp., Aeromonas spp., Acineto- 
bacter spp., Aureobacterium spp., Bacillus spp., Comamo- 
nas spp., Dehalobacter spp., Dehalospirillum spp., 45 
Dehalococcoide spp., Desulfurosarcina spp., Desulfomomle 
spp.. nesulfobacterium spp.. Lnlerohaeter spp . I lydrogcno- 
bacter spp., Methanosarcina spp., Pseudomonas spp., 
Shewanella spp., Methanosarcina spp., Micrococcus spp., 
and Paracoccus spp. 50 

3. The device of claim 2, wherein said hydrogenotrophic 
bacteria comprise one or more strains of bacteria selected 
from the group consisting of Acetobacterium woodi, Aero- 
monas hydrophila. Aeromonas sohria. Mcaligcnes 
eiilroplms. Comamonas acidovorans. Dehalococcoide 55 
restricuts. Dehalococcoide midlivorans. Dehalococcoide 
eiiienogene, Desulfobacterium tiedje, Enterobacter 
agglomerans. Hydrogenobacier ilternu pliilns. Meihannsa- 
rcina harkeri. Methanosarcina mazei. Methanosarcina 
ihermophila. Paracoccus denitrificans. Pseudomonas 60 
aiireofaciens. Pseudomonas mallophilia, Pseudomonas 
mendocina. and Shewanella pulrefaciens. 

4. The device of claim 3, wherein said hydrogenotrophic 
bacteria comprise Paracoccus denitrificans ATCC17741, 
Paracoccus denitrificans ATCC35512, Paracoccus denitri- 65 
ficans ATCC 13543, or Paracoccus denitrificans ATCC 
19367. 



5. The device of claim 1, wherein said zero-valent iron 
comprises Fe(0) metal, an Fe(0) alloy, or an Fe(0)— Ni(0), 
Fe(0)— Zn(0). Fe(0)— Pt(0), or Fe(0)— Pd(0) bimetal. 

6. The device of claim 5. wherein said zero-valent iron 
comprises filings, shavings, turnings, wool, powder, mesh, 
beads, rods, pellets, or flakes. 

7. The device of claim 1, further comprising a support. 

8. The device of claim 7, further comprising a glass, 
concrete, metallic, zeolite, mineral, fiber, fiberglass, 
ceramic, plastic, polymeric, or resin support. 

9. The device of claim 1, further denned as an ex situ 
bioreactor. 

10. The device in accordance with claim 9, comprising an 
inlet port, an outlet port and a container means for contain- 
ing said composition. 

11. The device of claim 10, further defined as a continuous 
culture system, a flow-through packed column, an inline 
water filter, a biofermenter, a fluidized bed, a sequencing 
batch reactor, or an anaerobic digester. 

12. The device of claim 1, comprised within a water-, 
wastewater- or sewage-treatment system. 

13. The device in accordance with claim 12, comprised 
within a water treatment system, a sewage or wastewater 
treatment system, a municipal water supply system, or a 
pollution decontamination system. 

14. The device of claim 1, comprised within a system for 
remediating pollution in an aqueous solution or an environ- 
mental site. 

15 A device comprising a composition comprising one or 
more autotrophic hydrogenotrophic bacteria in culture 
medium comprising zero-valent iron, said device being 
comprised within an environmental site. 

16. The device of claim 15, comprised within a landfill 
site, an agricultural site, an agricultural runoff site, or an 

17. The device of claim 15, further defined as an in situ 
reactive barrier. 

18. The device in accordance with claim 17, further 
defined as a permeable barrier, a semipermeable barrier, a 
treatment wall, and injected treatment zone, or a funnel and 
gate system. 

19. A method of removing or reducing the concentration 
of an organic or inorganic compound in an environmental 
site, comprising providing to said site an effective amount of 
a composition comprising one or more hydrogenotrophic 
bacteria and zero-valent iron, or contacting said site with a 
device comprising a composition comprising culture 
medium comprising one or more hydrogenotrophic bacteria 
and zero-valent iron. 

20. A method for denitrifying groundwater or an environ- 
menlal site in situ comprising contacting said groundwater 
or said environmental site with a composition comprising 
zero-valent iron and a culture of one or more hydro- 
genotrophic bacteria, or contacting said site with a device 
comprising a composition comprising zero-valent iron and a 
culture of one or more hydrogenotrophic bacteria. 

21. A method for removing or reducing the concentration 
of a nitrogen- or sulfur-containing compound in a sample, 
comprising contacting a sample suspected of containing said 
compound with a composition comprising zero-valent iron 
and a culture of one or more hydrogenotrophic bacteria, or 
contacting said site with a device comprising a composition 
comprising zero-valent iron and a culture of one or more 
hydrogenotrophic bacteria. 

22. The method in accordance with claim 21, wherein said 
sulfur-containing compound is sulfate or sulfite. 

23. A method for removing or reducing the a 
of a halocarbon compound in a sample, comprising cc 
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ing a sample suspected of containing said halocarbon with a 
composition comprising one or more autotrophic hydro- 
genotrophic bacteria and zero-valent iron, or contacting said 
sample with a device comprising a composition comprising 
culture medium comprising one or more autotrophic hydro- 
genotrophic bacteria and zero-valent iron. 

24. The method in accordance w ith claim 23, wherein said 
halocarbon is carbon tetrachloride, dichloromethane, a polv- 
chlorinated biphenyl, a chlorinated benzene, 
trichloroethylene, perchloroethylene, dichloroethvlene, 
vinyl chloride, chl oroe th an e, bromoform, 
dichlorodifluoromethane, trihalomethanes, tetrachlorod- 
ibenzodioxin pentachlorophenol, a chlorobenzoate, atrazine, 
or 1,1,1-TCA. 

25. The method of claim 24, wherein said halocarbon is 
carbon tetrachloride, dichloromethane, trichloroethylene, 
perchloroethylene, dichloroethylene, vinyl chloride, 
chlorocthanc, dichlorodilltioroniethanc, trihalomethanes, 
tetrachlorodiberzodioxin pentachlorophenol, a 
chlorobenzoate, atrazine, or 1,1,1-TCA. 

26. The method of claim 25, wherein said halocarbon is 
carbon tetrachloride, trichloroethylene, or dichloromethane. 

27. A method for removing or reducing the concentration 
of a haloaromatic compound in a sample, comprising con- 
tacting a sample suspected of containing said haloaromatic 
compound with a composition comprising zero-valent iron 
and a culture of one or more hydrogenotroptiic bacteria, or 
contacting said sample with a device comprising a compo- 
sition comprising zero-valent iron and a culture of one or 
more hydrogenotroptiic bacteria. 

28. The melhod in accordance wilh claim 27. w herein said 
haloaromatic compound is a polychlorinated biphenyl, a 
chlorinated benzene, tetrachlorodibenzodioxin 
pentachlorophenol, a chlorobenzoate, atrazine, or 1,1,1- 
TCA. 

29. A method for degrading or detoxifying a pesticide, 
comprising contacting a sample suspected of containing said 
pesticide with a composition comprising zero-valent iron 
and a culture of one or more hydrogenotrophic bacteria, or 
contacting said sample with a device comprising a compo- 
sition comprising zero-valent iron and a culture of one or 
more hydrogenotrophic bacteria. 

30. The method in accordance with claim 29, wherein said 
pesticide is nctlioxyclur, alaclilur, inetolaclilur, lindane, 
DDT, DDE, DDD, dieldrin, aldrin, heptachlor, chlordane, 
2,4-dichlorophenoxyacetic acid, 2,4,5- 
trichlorophenoxyacetic acid or atrazine. 

31. The method of claim 30, wherein said pesticide is 
atrazine. 

32. A method for detoxifying a metal ion-containing 
compound, comprising contacting a sample suspected of 
containing said compound with a composition comprising 
zero-valent iron and a culture of one or more hydro- 
genotrophic bacteria, or contacting said sample with a 
device comprising a composition comprising zero-valent 
iron and a culture of one or more hydrogenotrophic bacteria. 

33. The method in accordance with claim 32, wherein said 
compound comprises strontium (II), cesium (I), chromium 
(VI) uranium (VI), technetium (VII), silver (I), or mercury 
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34. The method of claim 33, wherein said compound 
comprises chromium (VI) or uranium (VI). 

35. A method for reducing the concentration of nitrite-, 
nitrate-, sulfite-, or sulfate -containing compound in an aque- 
ous solution or environmental site, comprising (a) selecting 
an aqueous solution or an environmental site containing said 
compound; and (b) contacting said solution or site with a 
composition comprising zero-valent iron and a culture of 
one or more hydrogenotrophic bacteria, or contacting said 
solution or site with a device comprising a composition 
comprising zero-valent iron and a culture of one or more 
hydrogenotrophic bacteria. 

36. A method for reducing the concentration of a pesticide 
15 or organic pollutant in an aqueous solution or environmental 

site, comprising (a) selecting an aqueous solution or an 
environmental site containing said pesticide or pollutant; 
and (b) contacting said solution or site with a composition 
comprising zero-valent iron and a culture of one or more 
:<> autotrophic hydrogenotrophic bacteria, or contacting said 
solution or site with a device comprising a composition 
comprising zero-valent iron and a culture of one or more 
autotrophic hydrogenotrophic bacteria. 

37. A method for reducing the concentration of a 
25 mercury-, silver-, technetium-, strontium-, cesium-, 

chromium- or uranium-containing pollutant in an aqueous 
solution or environmental site, comprising (a) selecting an 
aqueous solution or an environmental site containing said 
pollutant; and (b) contacting said solution or site with a 

" composition comprising zero-valent iron and a culture of 
one or more hydrogenotrophic bacteria, or contacting said 
solution or site with a device comprising a composition 
comprising zero-valent iron and a culture of one or more 

35 hydrogenotrophic bacteria. 

38. A method for reducing silver (I), mercury (II), tech- 
netium (VII), strontium (II), cesium (I), chromium (VI) or 
uranium (VI) ions in an aqueous solution, comprising con- 
tacting an aqueous solution suspected of containing one or 

40 more of said ions with a composition comprising zero-valent 
iron and a culture of one or more hydrogenotrophic bacteria, 
or contacting said aqueous solution with a device compris- 
ing a composition comprising zero-valent iron and a culture 
of one or more hydrogenotrophic bacteria. 

4 5 39. A method for removing or reducing the concentration 
of a nitroaromatic compound in a sample comprising con- 
tacting a sample suspected of containing said nitroaromatic 
compound with one or more hydrogenotrophic bacteria and 
zero-valent iron, or a device comprising culture medium 

50 comprising zero-valent iron. 

40. The method in accordance with claim 39, wherein said 
nitroaromatic compound is trinitrotoluene, RDX, HMX, 
2-aminodintrotoluene, 4-aminodinitrotoluene, or parathion. 

55 41 . The method in accordance with claim 39, wherein said 
nitroaromatic compound is trinitrotoluene, RDX, or HMX. 
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ABSTRACT 



(i-protein coupled receptors f(iP('R) generally contain 
seven transmembrane helices. The present invention pro- 
\ ides synthetic peptides derived from these transmembrane 
helices. The peptides inhibit GPCR function by disrupting 
GPCR structure. In certain embodiments, charged residues 
are added at one terminus to promote correct orientation of 
the peptide in the membrane. 
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This application claims the benefit of U.S. Provisional 
Application No. 60/076,105 filed Feb. 27, 1998, the disclo- 
sure of which is incorporated by reference. 

1 

FIELD OF THE INVENTION 



The present invention relates to modulating, especially 
inhibiting, biological activities ol d protein coupled recep- 
tors (GPCRs) by exposing GPCRs to molecules which 15 
interfere with correct receptor assembly. In particular, the 
invention relates to synthetic, isolated and/or recombinant 
peptides, fragments and/or consensus peptides of the trans- 
membrane domain of GPCRs that inhibit GPCR-mediated 
signal transduction. 20 

BACKGROUND OF THE INVENTION 

Many physiologically important events are mediated by 
the binding of guanine nucleotide-binding regulatory pro- 25 
teins (G proteins) to G protein-coupled receptors (GPCRs). 
These events include vasodilation, stimulation or decrease in 
heart rate, bronchodilation. stimulation of endocrine secre- 
tions and enhancement of gut peristalsis, development, 
tnitogenesis, cell proliferation and oncogenesis. 30 

G proteins are a diverse superlaniily of guanine nucle- 
otide-binding proteins that play a central role in signal 
transduction and regulation of cellular metabolism. They are 
generally comprised of three subunits: a guanyl-nucleotide 
binding alpha snbnnit: a beta snbnnit: and a gamma subunit. 15 
(For a review, see Conklin et al. Cell 73, 631-641, (1993)). 
G proteins commonly cycle between two forms, depending 
on w hether GDP or GTP is bound to the alpha subunit. When 
GDP is bound, the G protein exists as a heterotrimer, the G 
alpha-beta-gamma complex. When an alpha-beta-gamma 40 
complex operatively associates with a ligand-activated 
GPCR in a cell membrane, the rate of exchange of (II P for 
bound GDP is increased and the G alpha subunit dissociates 
from the G beta-gamma complex. The free G alpha subunit 
and G beta-gamma complex are capable of transmitting a 45 
signal to downstream elements of a variety of signal trans- 
duction pathways, for example by binding to and activating 
adenyl cyclase. This fundamental scheme of events forms 
the basis for a multiplicity of different cell signaling phe- 
nomena. 50 

Recent studies have suggested that all members of the 
CiP( 'R superlaniily have a conserved structure. ( 'omparisons 
of avian and mammalian beta-adrenergic receptor cDNA's 
(Yarden et al., Proc. Natl. Acad. Sci. USA 83: 6795-6799, 
1986; Dixon et al., Nature 321:75-79, 1986; and Kobilka et 55 
al.. Proc. Natl. Acad. Sci. I'SA 84:46 50. 1987). a bovine 
rhodopsin cDNA (Nathans and Hogness, Cell 34:807-814, 
1983). an alpha 2-adrenergic receptor (Kobilka et al., Sci- 
ence 238:650-656. 1987). an angiotensin receptor cDNA 
(Young et al., Cell 45:711-719, 1986; Jackson et ah. Nature 60 
335:437439, 1988), a bovine substance K receptor (Masu et 
al. Nature 329:836 838. 1987), and a muscarinic acetyl- 
choline receptor cDNA (Kubo et al. Nature 323:411416, 
1986) predict that all GPCR share a highly conserved 
presence of seven hydrophobic transmembrane domains that 65 
are suggested to be transmembrane helices of 20-30 amino 
acids connected by extracellular or cytoplasmic loops. 



Kobilka et al. Science 240: 1310 (1988): Maggio et al, 
FEBSLett. 319: 195 (1993); Maggio et al, Proc. Natl. Acad. 
Sci USA 90: 3103 (1993); Ridge et al, Proc. Natl. Sci USA 
91, 3204 (1995); Schonenberg et al, J. Biol. Chem. 270: 
18000 (1995); Huang et al, J. Biol. Chem. 256: 3802 (1981); 
Popot et al, J. Mol. Biol. 198: 655 (1987); Kahn and 
1 ngelman. Biochemistry 31: 6144 (1992); Schoneberg et al. 
EMBOJ. 15: 1283 (1996); Wong et al, J. Biol. Chem. 265: 
6219 (1990); Monnot et al, J. Biol. Chem. 271: 1507 (1996); 
Gudermann et al, Annu. Rev. Neurosci. 20: 399 (1997); 
Osuga et al, J. Biol. Chem. 272: 25006 (1997); Lefkowitz 
et al, J. Biol. Chem. 263:4993-4996, 1988; Panayotou and 
Waterfield, Curr. Opinion Cell Biol. 1:167-176, 1989. These 
transmembrane domains of G-protein coupled receptors are 
designated TM1, TM2, TM3, TM4, TMS, TM6 and TM7. 
TM4, TM5, TM6 and TM7 are the most highly conserved 
and are postulated to provide sequences which impart bio- 
logical activity to GPCRs. TM3 is also implicated in signal 
transduction. 

The coupling of GPCRs to intracellular signaling mol- 
ecules such as adenylate cyclase (Anand-Srivastava et al, J. 
Biol. Chem. 271: 19324-19329 (1996)) and G-proteins 
(Merkouris et al, Mol. Pharmacol. 50: 985-993 (1996)) is 
reportedly inhibited by peptide, corresponding to the intra- 
cellular loops of the receptors. Those studies were conduct ed 
primarily to provide an understanding of molecular mecha- 
nisms of receptor function and could not be applied directly 
for drug design, because of the difficulties in intracellular 
delivery of the inhibitors. 

WO 94/05695 and U.S. Pat. No. 5,508,384 set forth 
sequences of transmembrane regions for 74 GPCRs. The 
WO 94/05695 patent publication describes and claims 
polypeptides corresponding to fragments or homologous 
sequences of GPCRs which can bind a GPCR ligand or 
which can modulate ligand binding. Both references dis- 
close that a membrane spanning fragment of the third TM 
domain of the dopamine D 2 receptor specifically bound a 
ligand of the intact receptor in a simple, small unilamellar 
vesicle model. The fragment used was terminated with a 
lysine (which is positively charged at physiological pi I ) at 
one end and with an aspartic acid (which is negatively 
charged at physiological pH) at the other. This peptide 
would not be expected to insert readily into a biological 
membrane. 

SUMMARY OF THE INVENTION 

The invention generally comprises peptide or peptidomi- 
metic compounds that modulate, and preferably inhibit the 
biological properties and activities of GPCRs, by targeting 
the transmembrane portions of these receptors. The present 
invention specifically comprises methods for disrupting 
GPCR function by using these GPCR antagonists. 

The present invention provides for the use of chemical or 
recombinant DNA technology to obtain GPCR polypeptides, 
v\ hich preferably are as small as possible vv bile still retaining 
sullicienlly high allinity for binding its. or association with. 
GPCRs. Non-limiting examples of GPCR polypeptides 
include fragments of 10 to 50 amino acids corresponding to 
at least one transmembrane domain of domains 1-7. The 
following are nonlirruting examples of GPCR peptides with 
antagonist properties. 
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F-2-2: LLFVITLPFWAVDAVANWYFGNDD 



F-4-2: VYVGVWIPALLLTI 
F-6-1: VILILAFFACWLPYYIGISID 



F-7-4: DDS ITEALAFFHCCLNPILYAFL-NH 2 



ti the 



CCR5-TM-2-2: LFFL LTVPFWAHYAAAQWDFGDD 

CCR5-TM-6-1 : L IFT IMIVYFLFWAPYN I VLLLNTFQED 

CCR5-TM-7-1 : DDQAMQVTETLGMTHCCINPIIYAFV 

CCR2-TM-6-1: VIFTIMIVYFLFWTPYN IVILLNTFQED . 

CCR2-TM-7-1: DDATQVT ETLGMTHCCINPIIYAFV 



CCR3-TM-6-1: IFVIMAVFFI FWTPYNVAILLSSYQSDD . 
CCR3-TM-7-1: DDLVMLVTEVIAYSHCCMNPVIYAFV 
From the GPCR CCKAR 

CCKAR-TM-1-6 : DDEWQSALQILLYSIIFLLSV- 
LGNTLVITV 



One embodinienl of the in\ ention is ;in isolated ( i protein- 
eoupled receptor (GPCR)-modulating molecule comprising 
a peptide or peptidomimetic that is a structural analog of a 
portion of a transmembrane domain of a GPCR. wherein 
said molecule has a first end and a second end and said 
molecule has at said first end a negatively charged group and 
at said second end a neutral charge under physiological 
conditions; said molecule spontaneously inserts into a mem- 
brane in the same orientation as the transmembrane domain 
from which it is derived: and said molecule modulates a 
biological property or activity of said GPCR. 

In a particular embodiment, the molecules contain a 
hydrophilic, negatively charged non-peptidic head group 
and an uncharged tail, w hich assures correct orientation of 
the molecule in the cell membrane. In another embodiment, 
the negatively charged head group is one or more acidic 

Another embodiment is an isolated GPCR-modulating 
molecule comprising a peptide or peptidomimetic that is a 
structural analog of a portion of a transmembrane domain of 
CXCR4, 



45 wherein said portion of said transmembrane domain has a 
sequence selected from the group of sequences consisting 
of: 



50 LLFVITLPFWAVDAVANWYFGNDD 






LLFVITLPFWAVDAVANDD 












55 VILILAFFACWLPYYIGISID 


(SEO 


ID NO:4), 






ID NO:5), 








60 wherein said molecule modulates 


a biological activity of 


said CXCR4. The CXCR4 activity 


modulate-:. 


by said pep- 



tide includes inhibition of CXCR4-mediated intracellular 
Ga 2+ release and inhibition of (X('R4-mediated IIIV inlec- 

65 The invention also comprises methods ol modulating the 
biological activity of a target GPCR by contacting a cell that 
expresses said GPCR with a molecule of the invention. In 
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one method, ihe Uirget ( iPCR is CXCR4. CCR5 or ( '( R2. 
and the modulated biological activity is inhibition of GPCR- 
mediated 1 ilV infection. In another method, ihe largel ( iP( 'R 
is CXCR4 and the modulated biological activity is inhibition 
of CXCR4-mediated intracellular Ca 2+ release. : 

Another embodiment is a method of inhibiting HIY-1 
infection, comprising contacting a cell that expresses a 
GPCR that binds HIV-1 with a molecule that comprises a 
peptide or peptidomimetic that is a strucmral analog of a 
portion of a transmembrane domain of said GPCR, wherein l 
contacting the cell with said molecule inhibits HIV-1 infec- 
tion. The peptide or peptidomimetic may be a structural 
analog of a portion of a transmembrane domain of CXCR4 
or('('R5. Peptides corresponding lo 1 M regions of ( 'XCR4. 
a GPCR that functions as a co-receptor during the cell entry l 
of HIV, were designed and tested in cells, and yielded potent 
inhibition of I IIY entry without apparent toxicity to the cells. 

The usefulness of the method is demonstrated by specifi- 
cally targeting ihe CXCR4 that functions as a co-receptor 
during the cell entry of T-cell tropic strains of HIV-1. 2 
Peptides containing 20-25 amino acid residues inhibited 
receptor signaling and HIV-1 infection in vitro at concen- 
tration as low as 0.2 micromolar. 

In one embodiment, the molecules of the present inven- 
tion mimic a transmembrane domain of the chosen receptor 2 
and block sell-assembly of that receptor, possibly by com- 
petitive inhibition w ith the nati\ e I'M domain. They thereby 
block or inhibit signal transduction in the affected cell. 

The invention also includes peptide analogs and peptido- 
mimetics which possess beneficial properties such as 3 
increased half-life, lack of immunogenicity, and the ability 
to cross the blood-brain barrier. 

The peptide analogs of the in\ enlion mediate the chemical 
and/or biological effects of hormone agonists/antagonists or 3 
other peptides. They are believed to be useful for the 
development of pharmaceutical, therapeutic, and diagnostic 
techniques. Accordingly, the invention also provides meth- 
ods for producing a prophylactic or therapeutic response in 
a mammal by administering to the mammal a phannaceu- 
tically effective amount of one or more peptide analogs of 
the invention. In preferred embodiments, the present inven- 
tion provides methods for producing such responses by 
modulating the activity of at least one mammalian G-pro- 
tein-linked receptor by administering an effective amount of 
one or more peptide analogs of the invention. 

In another embodiment, a peptide of the invention may 
modulate the biological activity of more than one GPCR. In 
another embodiment, more than one peptide of the invention 
are administered as a cocktail to modulate the biological 
activity of more than one GPCR. 

BRIEF DESCRIPTION OF FIGURES 

FIG. 1. Anti-HIV efficacy and toxicity of F-2-2 assay. 5 
CEM-SS cells were infected with the LAV strain of HIV-1. 

FIG. 2. Anti-HIV efficacy and toxicity of F-4-2 in cyto- 
protection. CEM-SS cells were infected with the RF strain 
of HIV-1, which causes cell death, if the inhibitor of 
infection is not present. 6 

FIG. 3. The proposed model of transmembrane antago- 



A"G-protein" is any member of the superfamily of signal 
transducing guanine nucleotide binding proteins. 



A "G-protein-coupled receptor" is any member of a 
superfamily of receptors that mediates signal transduction 
by coupling with a G protein. Examples of such receptors 
include, but are not limited to: CC chemokine receptor 5 
(CCR5), CXC chemokine receptor (CXCR4) cholecystoki- 
nin type A receptor (CCKAR), adenosine receptors, soma- 
tostatin receptors, dopamine receptors, muscarinic cholin- 
ergic receptors, alpha-adrenergic receptors, beta-adrenergic 
receptors, opiate receptors, cannabinoid receptors, growth 
hormone releasing factor, glucagon. cAMP receptors, sero- 
tonin receptors (5-HT), histamine H2 receptors, thrombin 
receptors, kinin receptors, follicle stimulating hormone 
receptors, opsins and rhodopsins. odorant receptors, cytome- 
gahnirus GPCRs. histamine 112 receptors, octopanmine 
receptors, N-formyl receptors, anaphylatoxin receptors, 
thromboxane receptors, IL-8 receptors, platelet activating 
factor receptors, endothelin receptors, bombesin gastrin 
releasing peptide receptor, neuromedin B preferring bomb- 
esin receptors, vasoactive intestinal peptide receptors, neu- 
rotensin receptors, bradykinin receptors, thyrotropin-releas- 
ing hormone receptors, substance P receptors, neuromedin K. 
receptors, renal angiotensin II type I receptors, mas onco- 
gene (angiotensin) receptors lutropin-choriogonadotropin 
receptors, thyrotropin receptors, follicle stimulating hor- 
mone receptors, cannabinoid receptors, glucocorticoid-in- 
duced receptors, endothelial cell GPCRs, testis GPCRs, and 
thoracic aorta GPCRs, and homologs thereof having a 
homology of at least 80% with at least one of transmem- 
brane domains 1-7, as described herein. See, e.g., Probst et 
al, DNA and Cell Biology 11: 1-20 (1992), which is entirely 
incorporated herein by reference. The term further encom- 
passes subtypes of the named receptors, and mutants and 
homologs thereof, along with the DNA sequences encoding 
the same. 

The term "membrane" refers generally to a lipid bilayer. 
Preferably, the lipid bilayer is the plasma membrane that 
delimits a cell, but may be any cellular membrane. The term 
membrane also encompasses bilayer stractures, such as 
artificial liposomes. 

The term "GPCR polypeptide" includes polypeptides 
ha\ ing an amino acid sequence which substantially corre- 
sponds to at least one 10 to 50 (e.g., 10, 20, 25 30 residues) 
amino acid fragment and/or homologous sequence of a 
known GPCR or group of GPCRs, wherein the GPCR 
polypeptide has homology of at least 80%, such as 81, 82, 
83, 84, 85, 86, 87, 88, 89, 90, 91, 92 93, 94, 95, 96, 97, 98, 

or 100" (i homology, w hile maintaining GP( 'R modulating 
activity, wherein a GPCR polypeptide of the present inven- 
tion is not naturally occurring or is naturally occurring but 
is in a purified or isolated form which does not occur in 
nature. 

Preferably, a GPCR polypeptide of the present invention 
substantially corresponds to a transmembrane domain of a 
GPCRs. Also preferred are GPCR polypeptides wherein the 
GPCR amino acid sequence is 4-10 to 50 amino acids in 
length, such as 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 
or 50 amino acids, or any range therein. 

The term "spontaneously inserts into a membrane" means 
that a peptide that is brought into contact with a membrane 
will, under physiological conditions, arrange itself within 
the lipid bilayer such that the hydrophobic portion of the 
peptide is within the membrane, and any charged end is 
exposed to either surface of a membrane. Preferably, mol- 
ecules of the present invention that have a 
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charge at one end will orient ihemseh es so that the charged (PSA) or chorio embryonic antigen (CEA). Alternatively, 

end faces the extracellular surface of the cell. other tests can be used to evaluate objective improvement 

The term "tumor cell" or "cancer cell" or "neoplastic cell" such as sonograms, computerized axial tomography scans, 

denotes a cell that demonstrates inappropriate, unregulated nuclear magnetic resonance scans and positron emission 

proliferation. A cell line is said to be "malignant" if, when 5 testing. 

the cell line is injected into a host animal, the host animal The term "GPCR transmembrane peptide" can include a 

develops tumors or cancers that are anaplastic, invasive, GPCR transmembrane domain fragment and/or a homolo- 

and/or metastatic. A "human" tumor is comprised of cells gous peptide thereof, of at least 4-50, and preferably 4-30, 

that have human chromosomes. Such tumors include those and preferably at least 10-30 amino acids in length, such as 

in a human patient, and tumors resulting from the introduc- to 5, 6, 7, 8, 9, 10, 11, 12. 13, 14, 15, 16, 17, 18, 19, 20, 21, 

tion of a human malignant cell line into a non-human host 22, 23, 24, 25, 26, 27, 28, 29. 30. 31. 32, 33, 34, 35, 36, 37, 

animal if cells from such tumors have human chromosomes. 38, 39, 40, 41 , 42, 43, 44, 45, 46, 47, 48, 49, or 50 amino 

The terms "treating cancer", "cancer therapy", and the acids, or any range therein, or any corresponding sequences 

like mean generally a treatment that causes any improve- having conservative amino acid substitutions. Sample trans- 

ment in a mammal having a cancer wherein the improve- 15 membrane peptides of the invention include, but are not 

nienl is due to treatment with a peptide of the invention. The limited to, the peptides listed in Table I of the present 

improvement can be either subjective or objective. For disclosure. A preferred transmembrane peptide of the 

example, if the mammal is human, the patient may note present invention, when contacted with a cell or membrane 

improved vigor or vitality or decreased pain as subjective structure (e.g.. liposome) that contains a biologically active 

symptoms of improvement or response to therapy. Alterna- 20 GPCR, modulates the biological activity of said GPCR in 

tively, the clinician may notice a decrease in tumor size or vitro, in vivo or in situ. The concentration of the peptide in 

tumor burden based on physical exam, laboratory param- a solution that contacts the cell in vivo (e.g, blood plasma or 

eters, tumor markers, or radiographic findings. interstitial fluid) or in vitro (e.g., culture medium) is between 

The phrase "inhibiting tumor | or cell] growth" generally 1 nanomolar and 50 micromolar, preferably between 1 

means that the rate of increase in mass, size, number and/or 25 nanomolar and 1 micromolar. and most preferably less than 

the metabolism of treated cells and/or tumors is slower as a 5 micromolar. 

result of treatment than that of nontreated cells and/or The term "residue" refers to an amino acid or amino acid 

tumors. The growth of a cell line or tumor is said to be mimetic incorporated in a oligopeptide by an amide bond or 

'inhibited" by a treatment if, when assayed by means such amide bond mimetic. 

as radioisotope incorporation into the cells, the treated cells 30 "Negath ely charged"' refers to those amino acids, amino 

increase in number at a rate that is less than the proliferation acid deri\ ati\ es. amino acid mimeties and chemical moieties 

rate of untreated control cells, and preferably less than about that are negatix ely charged at physiological pi I. Negatively 

50% of the untreated cell proliferation rate. More preferably, charged amino acids include, lor example Asp and Glu. An 

the growth rate is inhibited by at least 80%. If growth is "acidic" residue is a residue that is negatively charged at 

assayed by a means such as plating in mothylcellulose, the 35 physiological pH. 

growth of a cell line is said to be "inhibited" if the treated "Positively charged" refers to those amino acids, amino 

cells give rise to less than the number of colonies that grow acid derivatives, amino acid mimeties and chemical moieties 

from a like number of untreated cells. Preferably, the number that are positively charged at physiological pll. Positively 

of colonies from treated cells is less than about 70% of the charged amino acids include, for example, Lys and Arg. A 

number from untreated cells. More preferably, the number of 40 "basic residue" is a residue that is positively charged at 

colonies is decreased by at least 50%. "Inhibition of cell physiological pH. 

growth" also encompasses zero growth and, most impor- "Neutral" refers to those amino acids, amino acid deriva- 

tantly, consequent death of the tumor cells and eradication of tives, amino acid mimeties and chemical moieties that are 

the tumor. When measured in vivo, "inhibition of tumor neither positively nor negatively charged at physiological 

growth" encompasses few er or smaller tumors (for example, 45 pH. 

smaller diameter) as compared to control animals or "Consensus" sequence refers to peptides which are dis- 
untreated patients. Progression of a tumor refers to events tinct from known GPCR sequences in critical structural 
other than growth, such as morphological and physiological features, but which are derived from consensus sequences of 
changes, and changes in gene and protein expression. homologous GPCR transmembrane domains 1 -7. Such con- 
Inhibition can be evaluated by any accepted method of 50 sensus peptides may be derived by molecular modeling, 
measuring whether growth or size of the tumor and/or optionally combined with hydrophobicity analysis and/or 
increase in the number of cancerous or tumor cells has been fitting to model helices, as non-limiting examples. Such 
slowed, stopped, or reversed. This includes direct observa- modeling can be accomplished according to known method 
tion and indirect evaluation such as subjective symptoms or steps using known modeling algorithms, such as. but not 
objective signs. The clinician may notice a decrease in tumor 55 limited to, ECEPP, INSIGHT, DISCOVER, CHEM-DRAW, 
size or tumor burden (number of tumors) based on physical AMBER, FRODO and CHEM-X. Such algorithms compare 
exam, laboratory parameters, tumor markers, or radio- transmembrane domains between related G-protein coupled 
graphic findings. Alternatively, if the mammal is human, the receptors, determine probable energy-minimized structures 
patient may note improved vigor or vitality or decreased and define alternative consensus polypeptide fragments, 
pain as subjective symptoms of improvement or response to 60 An amino acid or nucleic acid sequence of a GPCR 
therapy. Some laboratory signs that the clinician may polypeptide of the present invention is said to "substantially 
observe for response to therapy include normalization of correspond" to another amino acid or nucleic acid sequence, 
tests such as white blood cell count, red blood cell count, respectively, if the sequence of amino acids or nucleic acid 
platelet count, erythrocyte sedimentation rate, and various in both molecules provides polypeptides having biological 
enzyme levels such as transaminases and hydrogenases. 65 activity that is substantially similar, qualitatively or quanti- 
Additionally, the clinician may observe a decrease in a tatively. to the corresponding fragment ol'at least one GPCR 
detectable tumor marker such as prostatic specific antigen transmembrane domain, or w hich may be synergistic when 
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two or more transmembrane domains, consensus sequences 
or homologs thereof are present. 

Additionally or alternatively, such "substantially corre- 
sponding" sequences of GPCR polypeptides include con- 
servative amino acid or nucleotide substitutions, or degen- 
erate nucleotide codon substitutions wherein individual 
amino acid or nucleotide substitutions are well known in the 

The term "modulates a biological property or activity" 
means that in the presence of a test transmembrane peptide i 
a measurable biological parameter or event is increased or 
decreased relative to a control in the absence of said peptide. 
Examples of biological property or activity include: the 
conformation of the GPCR, association of the GPCR with 
other molecules, signal transduction, extracellular secretion i 
of cellular proteins, conformational changes in proteins, 
changes in enzymatic activity, changes in metabolic activity, 
changes in affinity for a ligand, changes in levels of viral 
infection, changes in vasodilation, modulation of heart rate, 
modulation of bronchodilation. modulation of endocrine : 
secretions and modulation of gut peristalsis. Note that the 
GPCR biological activity need not be one that is limited to 
the precise in vivo role performed by the GPCR. The term 
also covers GPCR properties, such as viral protein binding, 
that are not part of the in vivo biological role of the GPCR. : 
It further covers intrinsic properties of GPCRs that are only 
disclosed by experimental manipulation in the laboratory, 
such as the ability of GPCRs in artificial bilayers (e.g.. 
liposomes) to interact with GPCR ligands. 

"Signal transduction" is the process by which binding of : 
a ligand to a receptor is translated into physiological change. 
In general, binding of a ligand to a receptor causes a change 
in a physical property of the receptor, for example a change 
in its conformation, or its orientation, or in its ability to bind 
other ligands. This change in a physical property can result, : 
directly or indirectly, in increased or decreased ion fluxes, 
increased or decreased enzymatic activity, increased or 
decreased phosphorylation, increased or decreased translo- 
cation of the receptor or of any molecule (e.g., an inositol 
moiety or a G protein subunit) from one cellular compart- * 
ment to another. 

"GPCR ligands" refers to biological molecules that bind 
GPCRs in vitro, in situ or in vivo, and may include hor- 
mones, neurotransmitters, viruses or receptor binding 
domains thereof. G proteins, opsins, rhodopsins, nucleo- * 
sides, nucleotides, coagulation cascade factors, odorants or 
pheromones, toxins, colony stimulating factors, platelet acti- 
vating factors, neuroactive peptides, neurohumor. or any 
biologically active compounds, such as drugs or synthetic or 
naturally occurring compounds. 

The phrase "inhibits HIV infection" means that a peptide 
of the invention inhibits binding of an HIV to a GPCR or 
inhibits a GPCR biological activity that mediates the entry 
and successful reproduction of an HIV virus into a GPCR- 
expressing cell. f 

The term "effective amount" means a dosage sufficient to 
produce a desired result. The desired result can be subjective 
or objective changes in the biological activity of a GPCR, 
especially signal transduction. Effective amounts of the 
GPCR polypeptide or composition, which may also include ( 
a functional derivative thereof, are from about 0.01 micro- 
grams to about 100 mg/kg body weight, and preferably from 
about 10 micrograms to about 50 mg/kg body weight, such 
0.05, 0.07, 0.09, 0.1, 0.5, 0.7, 0.9, 1, 2, 5, 10, 20, 25, 30, 40, 
45, or 50 mg/kg. < 
e substitution", when describing a protein 
a change in the amino acid composition of the 



protein that does not substantially alter the protein's acti\ ity. 
Thus, "conservatively modified variations" of a particular 
amino acid sequence refers to amino acid substitutions of 
those amino acids that are not critical for protein activity or 
substitution of amino acids with other amino acids having 
similar properties (e.g.. acidic, basic, positively or nega- 
ti\ely charged, polar or non-polar, etc.) such that the sub- 
stitutions of even critical amino acids do not substantially 
alter activity. Conservative substitution tables providing 
functionally similar amino acids are well known in the art. 
Such substitutions preferably are made in accordance with 
the following list, w hich substitutions may be determined by 
routine experimentation provide modified structural and 
functional properties of a synthesized polypeptide molecule, 
while maintaining the receptor binding, or inhibiting or 
mimicking biological activity, as determined by known 
GPCR receptor activity assays. 



Asn; Gin 
I.l-u; Val 
He; Val 
Arg; Gin; Glu 

Met; Leu; Tyr 



Put di Herein ly. the following six groups each contain amino 
acids that are conservative substitutions for one another: 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q): 

4) Arginine (R), Lysine (K); 

5) Isoleucine (I). Leucine (L). Methionine (M), Valine 

(V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

See also, Creighton (1984) Proteins, W.H. Freeman and 
Company. In addition, individual substitutions, deletions or 
additions which alter, add or delete a single amino acid or a 
small percentage of amino acids in an encoded sequence are 
also "conservatively modified variations". 

The term "substantial identity" or "substantial similarity" 
in the context of a polypeptide indicates that a polypeptides 
comprises a sequence which can have 40% sequence iden- 
tity to a reference sequence, or preferably 70%, or more 
preferably 85% sequence identity to the reference sequence, 
or most preferably 90% identity over a comparison window 
of about 10 20 amino acid residues. "Percentage amino acid 
identity" or "percentage amino acid sequence identity" 
refers to a comparison of the amino acids of two polypep- 
tides which, when optimally aligned, have approximately 
the designated percentage of the same amino acids. For 
example, "95% amino acid identity" refers to a comparisi m 
of the amino acids of two polypeptides which when opti- 
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mally aligned have 95% amino acid identity. Preferably, J. Mol. Biol. 215:403410 (1990). Software for performing 
residue positions which are not identical differ by conser- BLAST analyses is publicly available through the National 
vative amino acid substitutions. Because the substituted Center for Biotechnology Information (http://www.ncbi.n- 
amino acids have similar properties, the substitutions do not lm.nih.gov/). This algorithm in\ oh es first identifying high 
change the functional properties of the polypeptides. An 5 scoring sequence pairs (HSPs) by identifying short words of 
indication that two polypeptide sequences are substantially length W in the query sequence, which either match or 
identical is that one peptide is immunologically reactive satisfy some positive- valued threshold score T when aligned 
with antibodies raised against the second peptide. Thus, a with a word of the same length in a database sequence. T is 
polypeptide is substantially identical to a second polypep- referred to as the neighborhood word score threshold (Alts- 
tide, for example, where the two peptides differ only by a to chul et al, supra). These initial neighborhood word hits act 
conservative substitution. An indication that two nucleic as seeds for initiating searches to find longer HSPs contain- 
acid sequences are substantially identical is that the polypep- ing them. The word hits are then extended in both directions 
tide which the first nucleic acid encodes is immunologically along each sequence for as far as the cumulath e alignment 
cross reactive with the polypeptide encoded by the second score can be increased. Extension of the word hits in each 
nucleic acid. Another indication that two nucleic acid 15 direction are halted when: the cumulative alignment score 
sequences are substantially identical is that the two mol- falls offby the quantity X from its maximum achieved value; 
ecules hybridize to each other under stringent conditions. the cumulative score goes to zero or below, due to the 

For sequence comparison, typically one sequence acts as accumulation of one or more negative-scoring residue align- 

a reference sequence, to which test sequences are compared. ments; or the end of either sequence is reached. The BLAST 

When using a sequence comparison algorithm, test and 20 algorithm parameters W, T, and X determine the sensitivity 

reference sequences are input into a computer, subsequence and speed of the alignment. The BLAST program uses as 

coordinates are designated, if necessary, and sequence algo- defaults a word length (W) of 11, the BLOSUM62 scoring 

rithm program parameters are designated. The sequence matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 

comparison algorithm then calculates the percent sequence 89:10915 (1989)) alignments (B) of 50, expectation (E) of 

identity for the test sequence(s) relative to the reference 25 10, M=5, N=-4, and a comparison of both strands, 

sequence, based on the designated program parameters. In addition to calculating percent sequence identity, the 

Optimal alignment of sequences for comparison can be BLAST algorithm also performs a statistical analysis of the 

conducted, e.g., by the local homology algorithm of Smith similarity between two sequences (see, e.g., Karlin & Alts- 

& Waterman, Adv. Appl. Math. 2: 482 (1981), by the chul, Proc. Nat'l. Acad. Sci. USA 90:5873-5787 (1993)). 

homology alignment algorithm ol'Needleman & Wunsch. ,/. in One measure of similarity provided by the BLAST algo- 

Mol. Biol. 48: 443 (1970), by the search for similarity rithm is the smallest sum probability (P(N)), which provides 

method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA an indication of the probability by which a match between 

85: 2444 (1988), by computerized implementations of these two nucleotide or amino acid sequences would occur by 

algorithms (GAP, BESTFIT, FASTA, and TFASTA in the chance. For example, a nucleic acid is considered similar to 

Wisconsin Genetics Software Package, Genetics Computer 35 a reference sequence if the smallest sum probability in a 

Group, 575 Science Dr., Madison, Wis.), or by visual comparison of the test nucleic acid to the reference nucleic 

inspection (see generally Ausubel et al., supra). acid is less than about 0.1. more preferably less than about 

One example of a useful algorithm is PILEUP. PILEUP 0.01, and most preferably less than about 0.001. 

creates a multiple sequence alignment from a group of The term "nucleic acid" refers to deoxyribonucleotides or 

related sequences using progressive, pairw ise alignments to 40 ribonucleotides and polymers thereof in either single- or 

show relationship and percent sequence identity. It also plots double-stranded form. Unless specifically limited, the term 

a tree or dendogram showing the clustering relationships encompasses nucleic acids containing known analogues of 

used to create the alignment. PILEUP uses a simplification natural nucleotides which have similar binding properties as 

of the progressive alignment method of Feng & Doolittle, J. the reference nucleic acid and are metabolized in a manner 

Mol. Evol. 35: 351-360 (1987). The method used is similar 45 similar to naturally occurring nucleotides. Unless otherwise 

to the method described by Higgins & Sharp, CABIOS indicated, a particular nucleic acid sequence also implicitly 

5:151-153 (1989). The program can align up to 300 encompasses conservatively modified v ariants thereof (e.g. 

sequences, each of a maximum length of 5.000 nucleotides degenerate codon substitutions) and complementary 

or amino acids. The multiple alignment procedure begins sequences and as well as the sequence explicitly indicated, 

with the pairwise alignment of the two most similar 50 Specifically, degenerate codon substitutions may be 

sequences, producing a cluster of two aligned sequences. achieved by generating sequences in which the third position 

This cluster is then aligned to the next most related sequence of one or more selected (or all) codons is substituted with 

or cluster of aligned sequences. Two clusters of sequences mixed-base and/or deoxyinosine residues (Batzer et al., 

are aligned by a simple extension of the pairwise alignment Nucleic Acid Res. 1 9:508 1 ( 1 99 1 ): ( ihtsuka et al.. ./. Biol. 

of two individual sequences. The final alignment is achieved 55 Chem. 260:2605-2608 (1985): and Cassol et al.. 1992: 

by a series of progressive, pairwise alignments. The program Rossolini et al., Mol. Cell. Probes 8: 91-98 (1994)). The 

is run by designating specific sequences and their amino acid term nucleic acid is used interchangeably with gene, cDNA, 

or nucleotide coordinates for regions of sequence compari- and niRNA encoded by a gene. 

son and by designating the program parameters. For The phrase "a nucleic acid sequence encoding" refers to 

example, a reference sequence can be compared to other test 60 a nucleic acid which contains sequence information for a 

sequences to determine the percent sequence identity rela- structural RNAsuch as rRNA. a tRNA. or the primary amino 

tionship using the follow ing parameters: default gap weight acid sequence of a specific protein or peptide, or a binding 

(3.00), default gap length weight (0.10), and weighted end site for a trans-acting regulatory agent. This phrase specifi- 

gaps. cally encompasses degenerate codons (i.e., different codons 

Another example of algorithm that is suitable for deter- 65 which encode a single amino acid) of the native sequence or 

mining percent sequence identity and sequence similarity is sequences which may be introduced to conform with codon 

the BLAST algorithm, which is described in Altschul et al., preference in a specific host cell. 
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"Nucleic acid probes" may be DNA or RNA fragments. 
DNA fragments can be prepared, for example, by digesting 
plasmid DNA, or by use of PCR, or synthesized by either the 
phosphoramidite method described by Beaucage and Car- 
ruthers, Tetrahedron Lett. 22:1859-1862 (1981), or by the 5 
triester method according to Matteucci, et al., J. Am. Chem. 
Soc, 103:3185 (1981), both incorporated herein by refer- 
ence. A double stranded fragment may then be obtained, if 
desired, by annealing the chemically synthesized single 
strands together under appropriate conditions or by synthe- to 
sizing the complementary strand using DNA polymerase 
with an appropriate primer sequence. Where a specific 
sequence for a nucleic acid probe is given, it is understood 
that the complementary strand is also identified and 
included. The complementary strand will work equally well 15 
in situations where the target is a double-stranded nucleic 

The terms "substantial identity" or •'substantial sequence 
identity" as applied to nucleic acid sequences and as used 
herein and denote a characteristic of a polynucleotide 20 
sequence, wherein the polynucleotide comprises a sequence 
that has at least 85 percent sequence identity, preferably at 
least 90 to 95 percent sequence identity, and more preferably 
at least 99 percent sequence identity as compared to a 
reference sequence over a comparison window of at least 20 25 
nucleotide positions, frequently over a window of at least 
25-50 nucleotides, wherein the percentage of sequence 
identity is calculated by comparing the reference sequence 
lo the polynucleotide sequence which may include deletions 
or additions which total 20 percent or less of the reference 30 
sequence over the window of comparison. The reference 
sequence may be a subset of a larger sequence. 

The phrase "specifically binds to an antibody" or "spe- 
cifically irnmunoreactive with", when referring to a protein 
or peptide, refers to a binding reaction which is determina- 35 
tive of the presence of the protein in the presence of a 
heterogeneous population of proteins and other biologies. 
Thus, under designated immunoassay conditions, the speci- 
fied antibodies bind to a particular protein and do not bind 
in a significant amount to other proteins present in the 40 
sample. Specific binding to an antibody under such condi- 
tions may require an antibody that is selected for its speci- 
ficity for a particular protein. A variety of immunoassay 
formats may be used to select antibodies specifically irnmu- 
noreactive with a particular protein. For example, solid- 45 
phase Id ISA immunoassays are routinely used to select 
monoclonal antibodies specifically irnmunoreactive with a 
protein. See Harlow and I ane | 1 >)X8 1 A\ i moon >.. A I mso- 
ratory Manual, Cold Spring Harbor Publications. New 
York, for a description of immunoassay formats and condi- 50 
tions that can be used to determine specific immunoreactiv- 
ity. 

DETAILED DESCRIPTION 

All references cited herein, including journal articles or 
abstracts, published or corresponding U.S. or foreign patent 
applications, issued U.S. or foreign patents, or any other 
references, are entirely incorporated by reference herein, 
including all data, tables, figures, and text presented in the 60 
cited references. Additionally, the contents of the references 
cited within the references cited herein are also entirely 
incorporated by reference. 

The present invention is based partly on evidence that 
transmembrane domains (TM) of GPCRs interact in a spe- 65 
cific way in the assembly of receptor molecules. These 
s do not lead to a rigid structure, because some 
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flexibility is required to allow for conformational changes to 
be made following ligand binding in order to provide the 
ability of the molecule to signal from the cell surface to the 
intracellular parts. It was also demonstrated for several 
GPCRs that the transmembrane domains are involved in 
ligand binding and thus contain openings that allow pen- 
etration of the ligands. Reports that expression of missing 
transmembrane domains rescues inactive truncated V2 vaso- 
pressin, beta-adrenergic and muscarinic M3 receptors 
(Schoneberg et al. EMBO J. 15: 1283 (1996); Wong et al., 
J. Biol. Chem. 265: 6219 (1990); Monnot et al, J. Biol. 
Chem. 271: 1507 (1996): Gudermann et al., Amm. Rev. 
Neurosci. 20: 399 (1997); Osuga et al, J. Biol. Chem. 272: 
25006 (1997)) suggested peptide derived from the sixth 
transmembrane domain of P2 -adrenergic receptor was found 
to inhibit receptor activation and dimerization (Hebert et al, 
J. Biol. Chem.. 271(27):16384-92 (1996)). All these obser- 
vations suggested to us that targeting inlramembrane inter- 
actions of GPCRs can specifically regulate GPCR function. 

The hydrophobic nature ol the transmembrane peptides 
makes their penetrations into the bilayer highly probable. 
Orientation inside the membrane can be controlled by addi- 
tion of charged residues to the terminus that is supposed to 
be extracellular. 

1. GPCR Peptides 

GPCR polypeptides of the present invention, or nucleic 
acids encoding therefor, include a finite set of substantially 
corresponding sequences as substitution peptides or poly- 
nucleotide which can be routinely obtained by one of 
ordinary skill in the art, without undue experimentation, 
based on the teachings and guidance presented herein. Fora 
detailed description ol protein chemistry and structure, see 
Schulz et al. Principles of Protein Stri ■ m hi . Springer- 
Verlag, New York, 1978, and Creighton, T. E, Proteins: 
Structure and Molecular Properties, W. H. Freeman & Co, 
San Francisco, 1983, which are hereby incorporated by 
reference. For a presentation of nucleotide sequence substi- 
tutions, such as codon preferences, see Ausubel et al, supra, 
at sections A.l.l-A.1.24, and Sambrook et al, supra, at 
Appendices C and D. 

GPCR polypeptides include homologous sequences and/ 
or fragments of at least one of transmembrane domain 1-7 
of one or more GPCRs or homologs thereof, which GPCR 
polypeptides do not occur naturally, and/or which are pro- 
\ ided in an isolated and or purified form not found in nature. 

However, in the context of the present invention, GPCR 
pi >1 ypepfides , if greater than 1 5-20 amino acids are preferred 
such that the GPCR polypeptides are able to span the lipid 
bilayer. 

It is particularly preferred that peptides of the invention be 
selected or modified so that one end is charged and the other 
is neutral under physiological conditions. This is so that the 
peptide spontaneously inserts into a membrane. It is of 
particular importance that the peptide insert in the same 
orientation as the transmembrane GPCR domain from which 
it is derived. 

Peptides of the invention can be derived from any of the 
7 TM domains. Non-limiting, illustrative examples of GPCR 
TM1 and TM2 transmembrane domains that are used to 
generate molecules of the present invention include the 
following: 
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101 150 K 

GPCRAelegans HPCEDIMGYV WLTWSFMVG AVAL VAN LW ALVLLTSQ RRLNV ! 

GRH NLPTLTLSGK IRVTVTFFLF LLSATFNASF LLKLQKWTQK KEKGKKLSRM : 

FSHprec NPCEDIMGYN ILRVLIWFIS ILAITGNIIV LVILTTSQYK LTV ! 

TSHprec NPCEDIMGYK FLRIVVWFVS LLALLGNVFV LLILLTSHYK LNV : 

PGE_EP1 PNTSAVPPSG ASPALPIFSM TLGAVSNLLA LALL AQAA . G RLRRRRSATT . 

PGE_EP3 QWLPPGE. . 

PGF SNTTCQTENR LSVFFSVIFM TVGILSNSLA IAILMKAY.Q 



Q RFRQKSKA.S 33 



2 NITLEERRLI 
? HMDSEFRYTL 



ASPWFAASFC WGLASNLLA LSVLAGA. 
F.PIVYSIIF VLGVIANGYV LWVFARLY 



4 HNRYETVEMV 
1 . .GKGPWQVA 
3 LGGHTVWQVV 

5 LERHRLWEVI 

1 KTTMASPQLM 

2 FCLDSTACKI 
A ISDVTVSYQV 
B QDSISLPWKV 
D DPRTLQALKI 



FIATVTGSLS LVTWGNILV MLSI.KVN 



. RQGGSHTRSS 
P CKKFNEIK. . 

R QLOT V 



TIAAVTAWS LITIVGNVLV MISF.KVN 
PLVWLSTIC LVTVGLNLLV LYAVRSER 
TITWLAVLI LITVAGNVW CLAVGLNR 



.S OLKT.. 
KLHT . . 
RLRN.. 



5HT1F 
5HT2A 
5HT2B 
5HT2C 

5HT6rat 
5HT7 
alphalA 
alphalB 
alphalC 
alpha2A 
alpha2B 



ELLNRMPSKI LVSLTLSGLA LMTTTINSLV IAAIIVTR 
QEKN. 

IVEEQGNKLH 



.QN.. 



. WSALLTAW: 
H WAALLILMV: 

. wpalsivii: 



QINYGRVEKV 

GGLWSAQGV GVGVFLAAF: 
. .QLDITRAI SVGLVLGAF: 
PAPVNISKAI llgvilggl: 
...YSLQVTL TLVCLAGLLM LLTVFGNVLl 
QDPYSVQATA 



ILTIAGNILV IMAVSLEK. 
IPTIGGNTLV ILAVSLEK. 
IMTIGGNILV IMAVSMEK. 



LMAVAGNLLV 
LFAIVGN ILV 
LFGVLCNILV 



LSVACNR. 
LSVACNR. 
LSVACHR. 
IAVFTSR 



KLHH . . 
KLQN . . 
KLQY . . 
KLHN . . 



HLQT . . 
HLRT . . 
HLHS . . 
ALKA.. 
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alpha2Cl RGQYS AGAVA 
alpha2C2 RGQYS AGAVA 

betal EPLSQQWTAG 

beta2 QQRDEVWWG 

beta 3 GLPGVPWEAA 
beta4turkey SWAAVLSRQW AVGAALSITI LVIVAGNLLV IVAIAKTP. 



D2 DGKADRPHYN 
D3 TGASOARPHA 
D4 ASAGLAGQGA 
D5 GAPPLGPSQV 
Al MPPSISAFQA 
A2a ...MPIMGSS 
A2b . .MLLETQDA 
A3 NSTTLSLANV 
OCdrome LAVPE.WEAL 
ACTH RNNSDCPRVV 
MSH QTGARCLEVS 
MC3 SSSAFCEQVF 
MC4 SDGGCYEQLF 



conopressinLs FHGVDEDLLK 



yyatlltll: 
yyalsycal: 
aalvggvll: 
vtaclltll: 



AVIVFGNVLV CMAVSREK 
LAIVFGNGLV CMAVLKER 
GAVLAGNSLV CVSVATER 
IWTLLGNVLV CAAIVRSR 



LTALVLSVII VLTIIGNILV ILSVFTYK 
LPEEIFFTIS IVGVLENLIV LLAVFKNK 
ISDGLFLSLG LVSLVENALV VATIAKNR 
IKPEIFLSLG IVSLLENILV ILAWRNG. 



PLOT. 

RLQT. 

ALQT. 
ALQT. 
ALQT. 
HLRAN 

PLRI 
HLOA. 
NLHS 
HLHS 



LLALSGNACV LLALRTTROK 
IEIAVQATIL YMTLFGNGIV LLVLRLRRQK 



CCK_B 



WLGRDEELAK VEIGVLATVL VLATGGNLAV LLTLGOLGRK 
LDTRDPLLAR AELALLSIVF VAVALSNGLV LAALA. 
PRPSKEWQPA VQILLYSLIF 
GAGTRELELA 



. . T 67 
. . T 68 



1 QFVQPAWQIV LWAAAYTVIV VTSWGNVW MWIILA. 

2 AFSMPSWQLA 

3 QFVQPSWRIA LWSLAYGVW AVAVLGNLIV IWIILA. 
if LQAAFMGTVF 



RRGRRGHWAP 86 



l YYLAEPWQFS MLAAYMFLL I VLGFPINFLT LYVTVQ . 

if LQTAFMGIVF AVGTPLNAW LWVTVRYKRL 
3 ILGVAMIILG IICVLGNGMV IYLMMTTKSL 
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ET_Aprec QTKITSAFKY INTVISCTIF IVGMVGNATL LRIIYQ. 
ET_Bpn 



GRP DDWSHPGILY VIPAVYGVII LIGLIGNITL IKIFCTVK. 



deltaOP 
kappaOP 

OPRX 



GSASSLALAI 
PAHISPAIPV 
GSP.SMITAI 
GAFLPLGLKV 
FMVLNPSQQL 
YMILSGPQKT 
TLSEGQGSAI 



AITALYSAVC AVGLLGNVLV MFGIVRYT. 
IITAVYSWF WGLVGNSLV MFVIIRYT. 
TIMALYSIVC WGLFGNFLV MYVIVRYT. 
TIVGLYLAVC VGGLLGNCLV MYVILRHT. 



SPAGLAVSGV 
GDARAAG.MV 
PAPSAGARAV 

MLETETLNKY WIIAYALVF LLSLLGNSLV MLVILYSR 



7 LIPLVYLWC WGLLGNSLV 
7 AIQCIYALVC LVGLVGNALV 
7 LVPVLYLLVC AAGLGGNTLV 



YWLRHT. 
FVILRYA. 
YWLRFA. 



SSTR3 
SSTR4 
SSTR5 
IL8A 



ATlbl 

AT 2 QKPSDKH.LD AIPILYYIIF VIGFLVNIVV VTLFCCQK. 

BK1 APEAWDLLHR VLPTFIISIC FFGLLGNLFV LLVFLLPR 

BK2 QVEWLGWLNT IQPPFLWVLF VLATLENIFV LSVFCLHK 

P2Y7 PSLGVEFISL LAI ILLS VAL AVGLPGNSFV VWSILKRMQ. 

P2Y6 CVYREFDKRL LLPPVYSWL WGLPLNVCV IAQICASRR. 

P2Y5 



IGOIWLARK. 



?2Y3chick CTFHEEFKQV LLQLVYSWF 

P2Y2 CFFNEDFKYV LLPVSYGWC 

P2Y1 ALTKTGFQFY YLPAVYILVF I IGFLGNSVA IWMFVFHMK. 

C5a TSNTLRVPDI LALVIFAWF LVGVLGNALV VWVTAFEA. 



^Cmouse AESQNPTVKA 

TXKR ...QPPWAVA LWS LAYGAVV AVAVLGNLW IWIVLA.HKR MR. 
SlODrat MELNENTKQV VLFVFYLAIF WGLVENVLV IC.VNCRRSG R. 
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RDCl NMPNKSVLLY TLSFIYIFIF VIGMIANSVV \ 



CL5 REENANFNKI 
LCR1 REENANFNKI 



LTGIVGNGLV IL 
LTGIVGNGLV IL 



VNIQAKT 1 
ILERHRQ 1 
VMGYQKK I 
VMGYQKK I 



ALTNSRK SKSITDIY. . 
VIVQNRK KINS' 
IFTFTLK VRNETTTY . . 



RBSlrat LGDIVAFGTI FLSIFYSLVF TFGLVGNLLV VL 

GCRTchick CSTEDSFKYT LYGCVFSMVF VLGLIANCVA IY 

APJ EYTDWKSSGA LIPAIYMLVF LLGTTGNGLV LWTVFRS SRE KRRSAD. 

RTArat EQIATLPPPA VTNYIFLLLC LCGLVGNGLV LWFFGFSIK. 

UHRrat SLQLVHQLKG LIVMLYSIVV WGLVGNCLL VLVIARVR 



OLFlcatfish 
OLF3catfish 
OLF8catfish 
OLF32Acatfish 
OLF32Bcatfish 
OLF32Ccatfish 
OLF32Doatfish 
OLF47catfish 
OLF202catfish 
OLFCOR1 chicken 
OLFCOR2 chicken 
OLFCOR3 chicken 
OLFCOR4 chicken 
OLFCOR5 chicken 
OLFCOR6 chicken 



TGLYNIPHAK 
GFHDLGEWGP 
SGFSGIPFSQ 
SGFSGIPFSQ 
SGFSGIPFSQ 
SGFSGIPFSQ 



YYYLFLCFVY TVTFLGNSFI MGT] 

ILSIPYLLMF LLSSTSNLTL IYL] 

YYFAFLIFIY IISLCGNSIV 

YYFVFLIFIY IISLCGNSIV LFM3 



OLF07E M 
OLF07I L 
OLF07J F 
OLFOR3mouse V 



PLFMVFLAIY TITLLTNLGL IAL] 



PLFMVFLAIY TITLLTNLGL IRLj 
PLFMVFLAIY TITLLTNLGL IRL] 



NPGLQM 
NPRLQM 
NPGLQM 
NPGLQM 
NPRLQM 
NPGLQM 
DPDQRD 
SPEQQQ 
QPEQQN 

HPHLEI 
QPELLL 
NKDLQP 
QPQQQQ 



NPQLHF LIFALFLSMY LVTVLGNLLI IMAIITQS 
QH LFYALFLVMY LTTILGNLLI IVLVQLDS 



LCYALFLAMY LTTLLGNLLI IVL] 



IFFAVILASY LLTLVGNLTI ILLSRLDA. 
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PAPLRV LLFFLSLLXY VLVLTENML1 
PPEHQQ LFFALFLIMY LTTFLGNLL1 
PPEYQH 



'I15rc 



PSEHQH 

APGLQP WFVLFLFAY LVTVRGNLS! 



IIAIRNHP. 
WLVQLDS 



LAAVLVEP. 



OLFOR17_4 0 LLE 

RPE PTGFGELEVL AVGMVLLVEA LSGLSLNTLT IFSFCKTPEL 
HHRF1 FTDVLNQSKP VTLFLYGWF LFGSIGNFLV IFTITWRRRI 
HHRF2 NSTEIYQLFE YTRLGVWLMC IVGTFLNVLV ITTILYYRRK K. 
HHRF3 MTGPLFAIRT TEAVLNTFII FVGGPLNAIV LITQLLTNRV 

MCP-1A . .DVKQIGAQ 

MCP-1B . .DVKQIGAQ 



GPCRAelegans TRFLMCNLAF ADFILGLYIF ILTSVSAVTR GDYHNYVQQW QNGAGCKILG 



FSHprec PRFLMCNLAF ADLCIGIYLL LIASVDIHTK SQYHNYAIDW QTGAGCDAAG 
TSHprec PRFLMCNLAF ADFCMGMYLL LIASVDLYTH SEYYNHAIDW QTGPGCNTAG 
LH_CGprec PRFLMCNLSF ADFCMGLYLL LIASVDSQTK GQYYNHAIDW QTGSGCSTAG 



OT. . 



.96 



.97 



D KE. .WIRFDQ . 

PGI FAVLVTGLAA TDLLGTSFLS PAVFVAYARN SS..LLGLAR GGPALCDAFA 19 8 
TXA2 FLTFLCGLVL TDFLGLLVTG TIWSQHAAL FE..WHAVDP GCR.LCRFMG 199 

PAF . . IFMVNLTM ADMLFLITLP LWIVYYO.NQ GNWIL PK.FLCNVAG 200 

M2 NNYFLFSLAC ADLIIGVFSM NLYTLYTVIG YWPL .GPVVCDLWL 201 

202 



M5 

HI GNLYIVSLSV ADLIVGAWM PMNILYLLMS KWSL 

H2 TNCFIVSLAI TDLLLGLLVL PFSAIYQLSC KWSF 

5HT1A ANYLIGSLAV TDLMVSVLVL PMAALYQVLN KWTL 

5HT1B ANYLIASLAV TDLLVSILVM PISTMYTVTG RWTL 



.GRPLCLFWL 20 6 

KVFCNIYT 207 

. GQVTCDLFI 20 8 

. GQWCDFWL 209 

.GQILCDIWL 210 
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5HT2A 
5HT2B 

5HT5A 

5HT6rat 
5HT7 
alphalA 
alphalB 
alphalC 
alpha2A 
alpha2B 
alpha2Cl 
alpha2C2 
betal 
beta2 



TNYFLMSLAI 
TNYFLMSLAV 



ADMLLGFLVM PVSMLTILYG 
ADLLVGLFVM PIALLTIMFE 



PHNLVASMAV SDVLVAALVM PLSLVHELS. 



SNFFLVSLFT 
SNYLIVSLAL 
TNYFIVNLAV 
TNYFIVNLAM 



SDLMVGLWM PPAMLNALYG 

ADL S VAVAVM PFVSVTDLIG 

ADLLLSATVL PFSATMEVLG 

ADLLLSFTVL PFSAALEVLG 



QNLFLVSLAS 
QNLFLVSLAA 
QNLFLVSLAS 
QNLFLVSLAS 
TNLFIMSLAS 
TNYFITSLAC 
TNVFVTSLAA 



AD I L V AT L VM PFSLANELMA 
ADLVMGLLW PFGATIWWG 
ADLVMGLAVV PFGAAHILMK 
ADLVMGLLW PPAATLALT j 



D4 TNSFIVSLAA ADLLLALLVL PLFVYSEVQG GA 



. GRRWQL .GRRLCQLWI 

RWVL A . RGLCLLWT 218 
KWIF .GHFFCNVFI 219 
FWAF G.RAFCDVWA 220 
YWVL G.RIFCDIWA 221 

222 



-i .GYFLCEVWL 21] 
1 .GQVVCDIWL 2 



.WYF .GQVWCGVYL 225 
-WYF . GQVWCGVYL 225 



RWEY GS. 
MWTF GN. 
HWPL GA. 



FFCELWT 22 6 
FWCEFWT 22 7 
TGCELWT 22 8 



,WLL SPRLC.DALM 23 3 



Al TFCFIVSLAV ADVAVGALV I PLAILINIGP QTYFHTCL MVA 235 

A2a TNYFVVSLAA ADIAVGVLAI PFAITISTGF CAACHGCL FIA 23 6 

A3 TFYFIVSLAL ADIAVGVLVM PLAIWSLGI TIHFYSCL FMT 23 8 

OCdrome QNFFIVSLAV ADLTVALLVL PFNVAYSILG R WEF GI . HLCKLWL 239 

ACTH MYFFICSLAI SDMLGSLYKI LENILIILRN MGYLKPRGSF ET.TADDIID 240 

MSH MYCFICCLAL SDLLVSGTNV LETAVILLLE AGALVARAAV LQ.QLDNVID 241 

MC3 MYFFLCSLAV ADMLVSVSNA LETIMIAIVH SDDYTFEDQF IQ.HMDNIFD 242 

MC4 MYFFICSLAV ADMLVSVSNG SETIIITLLN STD . TDAQSF TV.NIDNVID 243 

/.RHIDVNFD 244 

. .CQVSG 245 

oxytocin LFFFMKHLSI ADLWAVFQV LPQLLWD ITF RFYGP . . 
opressinLs MQWFIAHLAF ADIFVGFFNI LPQLISDVTI VFHGDD . 

VIA MHLFIRHLSL ADLAVAFFQV LPQMCWDITY RFRGPD . 
V1B MHLFVLHLAL TDLAVALFQV LPQLLWD ITY RFQGP . . 



DLLCRAVK 24 9 
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ADLAVALFQV LPQLAWKATD E 



CCK_B TNAFLLSLAV 
NPY1 TNILIVNLSF 



NK1 TNYFLVNLAF AEASMAAFNT WNFTYAVHN EWYYGL. 

NK3 TNYFLVNLAF SDASMAAFNT LVNFIYALHS EWYFGA. 
blueops LNYILVNVSF GGFLLCIFSV FPVFVASCNG YFVFGR. 
greenops LKWILVNLAV ADLAETVIAS TISWNQVYG YFVLGH 
redops LKWILVNLAV ADLAETVIAS TISIVNQVSG YFVLGH 



ETA_pre 

ETB_prec PNILIASLAL GDLLHIVIDI PINVYKLLAE DWPFGAE . . 
ET_Cfrog PNVLIASLAL GDLFYILIAI PIISISFWLS TGH 



galanin TNLF3 

nmb pnif: 

deltaOP TNIY] 
kappaOP TNIY3 
muOP tniy: 

cbi syhf: 
CB2 sylf: 



LNLSI ADLAYLLFCI PFQATVYALP TWVLGA. . . 
iSNLAA GDLLLLLTCV PVDASRYFFD EWMFGKVG. 



ADALATSTLP FQSAKYLMET .WPFGE . . 

ADALVTTTMP FQSTVYLMNS .WPFGD. . 

FNLAL ADALATSTLP FQSVNYLMGT .WPFGT. . 

FQGTDILLGF .WPFGN. . 

:gslav ADLLGSVIFV YSFIDFHVFH rkd 

:gslag adflasvvfa csfvnfhvfh GVD 



.WPFGP. . 



FLAMQVALVH 
FLAAQNALSY 



LNLAV ADVLYMLGLP FLATQNAASF 



SSTR5 TNIYIL 
IL8B TDVYLLNLAL ADLLFALTLP IWAA. .SKVN GWIFGT. . 



.ALCRAVK 25 0 



.FYCKFHN 2 
.AFCYFQN 2 
.NYCRFQN 2 
.HVCALEG 2 
.PMCVLEG 2 
.PMCVLEG 2 



GV.FLCKLFP 264 

MCKLVP 265 

SEYIYQ 266 

...FICKFIH 267 



? 268 



. .ILCKIVI 27 3 



. SRNVFLFKL 275 
.SKAVFLLKI 276 



. .VLCRLVM 281 



. .FLCKWS 282 



P2Y7 TALMVLNLAL ADLAVLLTAP FFLHFLAQGT WSFGLA. . 
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P2Y6 SAVYTLNLAL 
P2Y5 TTTYMLNLAI 



jLiynytqkd yw: 

P2Y2 STTYMFHLAV SDALYAASLP LLVYYYARGD HW: 
P2Y1 ISVYMFNLAL ADFLYVLTLP ADIFYYFNKT DWIFGD. 

C5a NAIWFLNLAV ADFLSCLALP ILFTS IVQHH WPFGGA. 

GPOlmouse MFLLIGSLAL ADLLAGLGLI INFVFAYLLQ .. 

R334rat MFLLIGSLAL ADLLAGLGLI INFVFAYLLQ .. 

GP21mouse MFLLVGSLAV ADLLAGLGLV LHFAADFCIG .. 



ADLWVVLTIP VWWSLVQHN QWPMGE. 



.TFLFHLAV ADLLLVFILP FAVAEGSV. 
LHLSV ADLLFVITLP FWAVDAVA. 
. LHLSV ADLLFVITLP FWAVDAVA. 
LLNLAV ADILFLLTLP FWAYSAAK. 



GWVLGT . 
NWYFGN. 
NWYFGN. 
SWVFGV. 



RTArat FSIYFLHLAS ADGIYLFSKA VIALLNMGTF LGSFPD. 



FMRL1 NTICYLNLAL ADFSFSAILP FRMVSVAMRE KWPFAS 
FMRL2 TTICYLNLAL ADFSFTATLP FLIVSMAMGE KWPFGW. 



:atti£ 



OLF8catf: 
OLF32Acatfish KYMG: 
OLF32Bcatf. 
OLF32Ccatfish KYMG: 
OLF32Dcatfish 
OLF47catfish 
OLF202catfish 
OLFCOR1 chicken MYIFLQNLSF 
OLFCOR2 chicken MYIFLQNLSF 
ken MYIFLQNLSF 



FNLAL SDFGETNVLI PSLVKTLFF. 



FNLAL SDIGETNALI PSLVKTLFF. 



YSTVIT PKMLATFL. 



LACRLVR 28 9 



AWCKLQR 29 4 
XCRFVT 295 
ACSILP 296 
ATKLVT I 29 7 
ATKLVT I 29 7 
EMSLMLV 29 8 



R 299 



I 302 



FLCKTVI 30 3 

FLCKAVH 304 

FLCKAVH 30 4 

HFCKLIF 305 

LTT 306 



FLCKLVH 3 
FLCKLIH 3 



ISLVGCLVQM 3 
DSQY ISYDACLANM 3 

.DSQY ISYDACLTNM 3 

ISFESCFSQM 3 
ISFVGCFIQM 3 
ISYVGCILQY 3 
ISYVGCILQY 3 
EERKT ISYVGCILQY 3 
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n MYIFLQNLSF 
OLFCOR5 chicken MYIFLQNLSF 
OLFCOR6 chicken MYIFLQNLSF 
OLFdog MYLFLSNLSF 
OLF07E VYFFLANLSF 
OLF07I MYLFLSNLSF SDLCFSSVTI 

OLFOR3mouse MYFFLSNLSS LDLAFTTSSV 
OLFrat MYYFLSSLSF VDLCYSTVIT 
OLFF3rat MYFFLSNLSF VDICFISTTV 
OLFF5rat MYFFLSNLSF VDVCFSSTTV 



PKLLQNMQ . 
PKMLVNLQ . 
PKLLQNMQ. 



PQMLKNLW. 
PKMLVNFL. 
PKMLVNIQ. 
PKVLANH I . 



A PKLLQNMR. 

QLFI7rat MYFFLANMSF LEIWYVTVT 
OLFI8rat MYLFLSNLSF SDLCFSSVTM LKLLQNIQ, 
OLFI9rat MYLFLSNLSF ADLCFSSVTM PKLLQNMQ. 

OLFI14rat MYLFLSNLSF SDLCFSSVTM PKLLQNMQ. 

OLFI15rat MYLFLSNLSF SDLCFSSVTM PKLLQNMQ. 



A ADLLFVCTLP LWMQYLLDHN SLA. 

HHRF2 SDTYICNLAV ADLLIWGLP FFLEYAKHHP KLSR 

HHRF3 PTIYMTNLYS TNFLTLTVLP FIVLSNQWLL 

MCP-1A TDIYLLNLAI SDLLFLITLP LWAHSAANEW VFG. 

MCP-1B TDIYLLNLAI SDLLFLITLP LWAHSAANEW VFG. 



. GPDKT 

.TQNNV 
.LGSQA 

.TQSKS 



.SQVPS 
.SQVPS 
. SQVPS 



ISYVGCILQY 32 3 
ISYVGCILQY 324 
ISYVGCILQY 325 
IPYAGCLTQM 32 6 
ISYAGCLTQL 327 
IPYADCLTQM 328 
MSLAGCATQM 32 9 
ISYGGCVTQL 330 
ITYSECMAQF 331 
ITYAGCITQI 332 
ISFSGCLTQL 33 3 
ISLAGCATQM 33 4 

FFYGGCLAOT 33 6 
FSFEACMTOL 33 7 
ISYAGCLTOI 338 
IPYAGCLAQI 339 
ISYTGCLTQL 340 
FFFAGCLTOL 34 1 

ISYIECLSOV 343 
. . SDGCQAHG 34 4 
. .SVPCTLLT 345 
. .EVVCSGLN 34 6 



. .NAMCKLFT 34 8 
. .NAMCKLFT 34 8 



The above sequences were obtained from a public database. 
Examples of TM3 and TM5 transmembrane domain 
sequences are included in WO 94/05695, and are incorpo- 
rated by reference. Examples of TM4, TM6, and TM7 
transmembrane domain sequences can similarly be obtained 
from public sources. 
2. Synthesis of Peptides 

The peptides or fragments of GPCRs may be isolated 
from a natural source, chemically synthesized or produced 
recombinantly, in order to provide GPCR polypeptides 
which mimic, modulate or inhibit binding of ligands to 
G-protein coupled receptors. 

a. Chemical Synthesis of GPCR Transmembrane Peptides 
Transmembrane peptides of the present invention are be 
made using well known peptide synthesis procedures, as 
described in e.g., Merrifield, Science 232: 341-347 (1986), 
Barany and Merrifield, The Peptides, Gross and Meienhofer, 
eds. (N.Y., Academic Press), pp. 1-284 (1979); and Stewart 



50 and Young, Solid Phase Peptide Synthesis (Rockford, 111., 
Pierce), 2d Ed. (1984), incorporated by reference herein. 

The peptides were synthesized by a flow-through solid 
phase peptide synthesis on 432A Applied Biosystems Pep- 
tide Synthesizer utilizing Fmoc amino acid derivatives. To 

- overcome aggregation that frequently occurs during the 
synthesis of hydropho bic peptides and leads to the blockage 
of the grow ing pep1 ide chain. Fmoc] Imb derivatives of Ala, 
Val and Leu were introduced into the different sequences, 
but not more than two derivatives of that type per peptide to 

6u prevent sterieal hindrance during the synthesis. Coupling on 
the step after FmocHmb amino acid was prolonged to 90 
rnin, since this protection group causes slice, ing of the next 
coupling step due to steric hindrance (T. Johnson. M 
Quibell, Tetrahedron Lett. 35:463 (1994). The purity of the 

65 peptides was assessed by reverse phase HPLC and the 
structures were confirmed by matrix-assisted laser-desorp- 
tion mass spectrometry. 
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b. Recombinant Production of GPCR Transmembrane 
Peptides 

Nucleic acids that encode GPC R transmembrane peptides 
may be obtained by synthesizing, isolating or obtaining a 
nucleic acid sequence that encodes a GPCR protein, and 5 
subcloning a region of the sequence that encodes a desired 
transmembrane peptide. 

i. Chemical Synthesis of Oligonucleotides 
Oligonucleotides used in the present invention, including 

sequences that encode transmembrane peptides, are option- 10 
ally chemically synthesized using the solid phase phos- 
phoramidite triester method of Beaucage and C'arruthers. 
Tetrahedron Lett, 22(20): 1859-1862 (1981) using an auto- 
mated synthesizer as described in Needham-Yan] )e\anter et 
al., Nucleic Acids Res., 12: 6159-6168 (1984). The chemi- 15 
cally synthesized oligonucleotides are then purified by 
native acrylamide gel electrophoresis or by anion-exchange 
HPLC as described in Pearson and Regnier, J. Chrom., 255: 
137-149 (1983). The sequence of the synthetic oligonucle- 
otide is verified, for example by using the chemical degra- 20 
dation method of Maxam and Gilbert in Grossman, L. and 
Moldave, D., eds. Academic Press, New York, Methods in 
Enzymology, 65:499-560 (1980). 

The DNA sequences of the present invention coding for 
GPCR transmembrane peptides protein can be modified 25 
(i.e.. mutated) to prepare \arious mutations. Such mutations 
may be either degenerate, i.e.. the mutation does not change 
(he amnio acid sequence encoded by the mutated codon, or 
non-degenerate, i.e.. the mutation changes the amino acid 
sequence encoded by the mutated codon. These modified 30 
DNA sequences may be prepared, for example, by mutating 
known sequences so that the mutation results in the deletion, 
substitution, insertion, inversion or addition of one or more 
amino acids in the encoded polypeptide using various meth- 
ods known in the art. For example, the methods of site- 35 
directed mutagenesis described in Taylor et al., Nucl. Acids 
Res. 13, 8749-8764 (1985) and Kunkel, Proc. Natl. Acad. 
Sci. USA 82, 482-492 (1985) may be employed. In addition, 
kits for site-directed mutagenesis may be purchased from 
commercial vendors. For example, a kit for performing 40 
site-directed mutagenesis may be purchased from Amer- 
sham Corp. (Arlington [Ieights, 111.). Both degenerate and 
non-degenerate mutations may be advantageous in produc- 
ing or using the polypeptides of the present invention. For 
example, these mutations may permit higher levels of pro- 45 
duction, easier purification, or provide additional restriction 
endonuclease-recognition sites. All such modified DNAs 
(and the encoded polypeptide molecules) are included 
within the scope of the present invention. 

ii. Recombinant Isolation of GPCR Transmembrane Pep- 50 
tide-Encoding Nucleic Acids 

Nucleic acids that encode GPCR can be isolated from 
genomic or cDNA libraries, subcloning the library into 
expression vectors, labelling probes, DNA hybridization, 
and the like, as described in Sambrook, et al., Molecular 55 
Cloning— A Laboratory Manual (2nd Ed.), Vol. 1-3, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 1989. 
This manual is hereinafter referred to as "'Sambrook. et al.". 
and is incorporated herein by reference. 

Various methods of amplifying target sequences, such as 
the polymerase chain reaction (PCR), can also be used to 
prepare DNA encoding GPCR transmembrane peptides or a 
peptide fragment thereof. In PCR techniques, oligonucle- 
otide primers complementary to the two 3' borders of the 
DNA region to be amplified are synthesized. The poly- 65 
merase chain reaction is then carried out using the two 
primers. See PCR Protocols: A Guide to Methods and Appli- 
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cations, (funis. M. Gelfand. D.. Sninsky. J. and White. T.. 
eds.), Academic Press. San Diego (1990). Primers can be 
selected to amplify the entire regions encoding a full-length 
GP( R transmembrane peptides or to amplify smaller DNA 
segments as desired. Once selected sequences are PCR- 
amplified, oligonucleotide probes can be prepared from 
sequence obtained. These probes can then be used to isolate 
DNA's encoding GPCR transmembrane peptides or a pep- 
tide fragment thereof. 

iii. Recombinant Expression of Transmembrane Peptide- 
encoding Nucleic Acids 

Once a nucleic acid encoding a GPCR transmembrane 
peptides or a peptide fragment thereof is isolated and cloned, 
the nucleic acid is expressed in a variety of recombinantly 
engineered cells to ascertain that the isolated nucleic acid 
indeed encodes the desired GPCR transmembrane peptides 
or a peptide fragment thereof. The expression of natural or 
synthetic nucleic acids is typically achieved by operably 
linking a nucleic acid of interest to a promoter (which is 
either constitutive or inducible), incorporating the construct 
into an expression vector, and introducing the vector into a 
suitable host cell. Typical vectors contain transcription and 
translation terminators, transcription and translation initia- 
tion sequences, and promoters useful for regulation of the 
expression of the particular nucleic acid. The vectors option- 
ally comprise generic expression cassettes containing at 
least one independent terminator sequence, sequences per- 
mitting replication of the cassette in eukaryotes. or prokary- 
otes, or both. (e.g.. shuttle \ ectors I and selection markers for 
both prokaryotic and eukaryotic systems. Vectors are suit- 
able for replication and Integration in prokaryotes, eukary- 
otes, or preferably both. See, Giliman and Smith (1979), 
Gene, 8: 81-97; Roberts etal. (1987), Nature, 328:731-734; 
Berger and Kimmel, Guide to Molecular Cloning Tech- 
niques, Methods in Enzymology 152, Academic Press, Inc., 
San Diego, Calif. (Berger); Sambrook et al. (1989), Molecu- 
lar Cloning— A Laboratory Manual (2nd ed.) Vol. 1-3, Cold 
Spring Harbor Laboratory. ( old Spring 1 larbor Press, N.Y., 
(Sambrook): and F. M. Ausubel et al.. Current Protocols in 
Molecular Biology, eds., Current Protocols, a joint venture 
between Greene Publishing Associates. Inc. and John Wiley 
& Sons, Inc., (1994 Supplement) (Ausubel). Product infor- 
mation from manufacturers of biological reagents and 
experimental equipment also provide information useful in 
known biological methods. Such manufacturers include the 
SIGMA chemical company (Saint Louis, Mo.), R&D sys- 
tems (Minneapolis, Minn.), Pharmacia LKB Biotechnology 
(Piscataway, N.J.), CLONTECH Laboratories, Inc. (Palo 
Alto, Calif.), Chem. Genes Corp., Aldrich Chemical Com- 
pany (Milwaukee, Wis.), Glen Research, Inc., GIBCO BRL 
Life Technologies, Inc. (Gaithersberg, Md.), Fluka 
( hemica-Biochemika Analytika (Fluka Chemie AG. liuchs. 
Switzerland), and Applied Biosystems (Foster City, Calif.), 
as well as many other commercial sources known to one of 
skill. 

The nucleic acids (e.g., coding sequences, promoters and 
vectors) used in the present method can be isolated from 
natural sources, obtained from such sources as ATC'C or 
GenBank libraries, or prepared by synthetic methods. Syn- 
thetic nucleic acids can be prepared by a variety of solution 
or solid phase methods. Detailed descriptions of the proce- 
dures for solid phase synthesis of nucleic acids by phos- 
phite-triester. phosphotriester. and H-phosphonate chemis- 
tries are widely available. See, for example, Itakura, U.S. 
Pat. No. 4,401,796: Caruthers, et al, U.S. Pat. Nos. 4.458. 
066 and 4,500,707; Beaucage, et al, (1981) Tetrahedron 
Lett, 22:1859-1862; Matteucci, (1981) et al, J. Am. Chem. 
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Soc, 103:31X5 3191; ( larufhers, el al., I 1 >)82 1 Genetic Engi- is also noteworthy to mention the intriguing approach of 

neering. 4:1 17: Jones, chapter 2. Atkinson, et al., chapter 3, replacing the traditional peptide scaffold by achiral N-sub- 

and Sproat, et al., chapter 4, in Oligonucleotide Synthesis: A stituted glycine building blocks. Overall, such N" — C™ — C 

Practical Approach, Gait (ed.), IRL Press, Washington D.C. scaffold or C™ — C p side chain modifications expand pep- 

(1984); Froehler, et al., (1986) Tetrahedron Lett., 5 tide-based molecular diversity (i.e., so-called "peptoid" 

27:469-472; Froehler, et al., (1986) Nucleic Acids Res., libraries) as well as extend our 3-D structural knowledge of 

14:5399-5407; Sinha, et al. (1983) Tetrahedron Lett., traditional d)-<P-x space. 

24:5843-5846; and Sinha, et al., (1984) Nucl. Acids Res., In one approach, such as disclosed by Sherman and 

12:4539 4557. which are incorporated herein by reference. Spatola. ./. Am. Chan. Soc. 112: 433 (1990). one or more 

3. Derivatized Peptides and Peptidomimetics to amide bonds are replaced in an essentially isosteric manner 

The design of chemically modified peptides and peptide by a variety of chemical functional groups. For example, any 

mimics which are resistant to degradation by proteolytic amide linkage in any of the GPCR polypeptides can be 

enzymes or have improved solubility or binding properties replaced by a ketomethylene moiety, e.g. ( — C(=0) — 

is well known. CH 2 — ) for ( — (0=0) — NH — ). A few of the known amide 

Modified amino acids or chemical derivatives of GPCRs 15 bond replacements include: aminomethylene or'P[CH 2 NH]; 

peptides according to the present invention may contain ketomethylene or l P|"COCH 2 ]; ethylene or <P[CH 2 CH 2 ]; 

additional chemical moieties or modified amino acids not olefin or VP[CH=CH]; ether or VF[CH 2 0]; thioether or 

normally a part of the protein. Co\ alent modifications of the W[CH 2 S]; tetrazole or <P[CN 4 ]; thiazole or >P[fhz]; retroa- 

peptide are thus included within the scope of the present mide or <P[NHCO]; thioamide or ^[CSNH]; and ester or 

invention. Such modifications may be introduced into a 20 n/[CO,]. These amide bond surrogates alter conformational 

GPCR polypeptide by reacting targeted amino acid residues and H-bonding properties that may be requisite for peptide 

of the polypeptide with an organic derivatizing agent that is molecular recognition and/or biological activity at receptor 

capable of reacting with selected side chains or terminal targets. Furthermore, such backbone replacements can 

residues. The following examples of chemical derivatives impart metabolic stability towards peptidase cleavage rela- 

are provided by way of illustration and not by way of 25 tive to the parent peptide. The discovery of yet other 

limitation. nonhydrolyzable amide bond isostere has particularly 

The design of peptide mimics which are resistant to impacted the design of protease inhibitors, and these 

degradation by proteolytic enzymes is well known, both for include: hydroxymethylene or W[CH(OII)|; hydroxyethyl- 

hormone agonist/antagonist and for enzyme inhibitor ene or <I'|( '1 1(( )l I >( '1 1, | and *I'|( '1 1,( '1 1'( )1 1 )|: drhydroxv- 

design. See e.g., Sawyer, in Structure-based Drug Design, P. 30 ethylene or »P[CH(OH)CH(OH)], hydroxyethylamine or 

Verapandia, Ed., NY 1997; U.S. Pat. No. 5,552,534; and W[CH(OH)CH 2 N], dihydroxyethylene and C 2 -symmetric 

U.S. Pat. No. 5,550,251, all of which are incorporated by hydroxymethylene. Such backbone modifications have been 

reference. extremely effective, as they may represent transition state 

Historically, the major focus of peptidomimetic design mimics or bioisosteres of the hypothetical tetrahedral inter- 
has evoked from receptor-targeted drug discovery research 35 mediate (e.g., W[C(OH) 2 NH]) for this class of proteolytic 
and has not been directly impacted by an experimentally- enzymes. Such derivatives are expected to have the property 
determined three-dimensional structure of the target protein. of increased stability to degradation by enzymes, and fhere- 
Neverlheless, a hierarchical approach of fore possess advantages lor the formulation of compounds 
peplide-»peplidomimelic molecular design and chemical which may have increased in vivo half lives, as administered 
modification has evolved over the past two decades, based 40 by oral, intravenous, intramuscular, intraperitoneal, topical, 
on systematic transformation of a peptide ligand and itera- rectal, intraocular, or other routes. 

tive analysis of the structure-activity and structure-confor- Both peptide backbone and side chain modifications may 

mation relationships of "second generation" analogs. Such provide prototypic leads for the design of secondary struc- 

work has typically integrated biophysical techniques (x-ray ture mimicry, as typically suggested by the fact that substi- 

crystallography and/or NMR spectroscopy) and computer- 45 ration of D-amino acids. N"-Me-amino acids. C„-Me amino 

assisted molecular modeling with biological testing to acids, and/or dehydroamino acids within a peptide lead may 

advance peptidomimetic drug design. induce or stabilize regiospecific P-turn, y-turn, P-sheet, or 

The three-dimensional structural properties of peptides a-helix conformations. To date, a variety of secondary 

are defined in terms of torsion angles (W, d), to, %) between structure mimetics have been designed and incorporated in 

the backbone amine nitrogen (N"). backbone carbonyl car- 50 peptides or peptidomimetics. The P-turn has been of par- 

bon (C 1 ), backbone methionine carbon (("'). and side chain ticular interest to the area of receptor-targeted peptidomi- 

hydrocarbon functionalization (e.g., C p , C\ C 6 . C € of Lys) metic drug discover}-. This secondary structural motif exists 

derived from the amino acid sequence. A Ramachandran within a tetrapeptide sequence in w hich the first and fourth 

plot OP versus d» may define the preferred combinations of Ca atoms are <7 A separated, and they are further charac- 

torsion angles for ordered secondary structures (conforma- 55 terized as to occur in a nonhelical region of the peptide 

tions), such as a helix, p turn, y turn, or p sheet. Molecular sequence and to possess a ten-membered intramolecular 

flexibility is directly related to covalent and/or noncovalent H-bond between the i and i-»4 amino acid residues. One of 

bonding interactions within a particular peptide. Even mod- the initial approaches of significance to the design of p-turn 

est chemical modifications by N™-methyl, C^-methyl or mimetics was the monocyclic dipeptide-based template 

('''-methyl can hav e significant consequences on the result- 6o which employs side chain to backbone constraint at the i+1 

ant conformation. and i+2 sites. Over the past decade a variety of other 

Hie N™ — C a — C scaffold may be transformed by intra- monocyclic or bicyclic templates have been developed as 

duction of olefin substitution (e.g., C a — C P ^C=C or dehy- P-turn mimetics. Monocyclic P-turn mimetic has been 

droamino acid or insertion (e.g., C™ — C'^C™ — C=C — C' described that illustrate the potential opportunity to design 

or vinylogous amino acid. Also the C p carbon may be 65 scaffolds that may incorporate each of the side chains (i, i+1, 

substituted to advance the design of so-called "chimeric" i+2 and i+3 positions), as well as five of the eight NH or 

amino acids Finally, with respect to N-sub stituted amides it C=0 functionalities, within the parent tetrapeptide 
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sequence, tetrapeptide sequence modeled in type 1-IV P-turn 
conformations. Similarly, a benzodiazepine template has 
shown utility as a (3 -turn mimetic scaffold w hich also may be 
multisubstituted to simulate side chain functionalization, 
particularly at the i and i+3 positions of the corresponding 5 
tetrapeptide sequence modeled in type I- VI |ii-turn confor- 
mations. A recently reported y-tum mimetic, illustrates an 
innovative approach to incorporate a retroamide surrogate 
between the i and i-»l amino acid residues with an ethylene 
bridge between the N 1 (i.e.. nitrogen replacing the carbonyl to 
C) and N atoms of the i and i+2 positions, and this template 
allows the possibility for all three side chains of the parent 
tripeptide sequence. Finally, the design of a f5-sheet mimetic 
provides an attractive template to constrain the backbone of 
a peptide to that simulating an extended conformation. The 15 
P-sheet is of particular interest to the area of protease- 
targeted peptidomimetic drug discovery. 

Aromatic amino acids may be replaced with I)- or 
1 .-napthylalanine. 1 )- or 1 .-phenylglycine. D- or L-2-thieney- 
lalaninc, I )- or 2-. 3- or 4-pyreneylalanine. ])- or 20 

I -3-thiene\ lalanine. D- or L-(2-pyridinyl)-alanine, D- or 
I .-( 3-pyridinyl l-alanine, D- or L-(2-pyrazinyl)-alanine, D- 
or L-(4-isopropyl)-phenylglycine, D-(trifluoromethyl)-phe- 
nylglycine. ! )-( Irilluoromelhyl i-phenylalanine. i )-p-lluo- 
rophcnylalaninc, I )- or 1 ,-p-biphenylphenylalanine. D- or 25 
L-p-methoxybiphenylphenylalanine, D- or L-2-indole 
(alkyl)alanines, and D- or L-alkylainines where alkyl may be 
substituted or unsubstituted methyl, ethyl, propyl, hexyl, 
butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso-pentyl, 
non-acidic amino acids, of C i -C 20 . 30 

Acidic amino acids can be substituted with non-carboxy- 
late amino acids while maintaining a negative charge, and 
derivatives or analogs thereof, such as the non-limiting 
examples of (phosphono)alanine, glycine, leucine, isoleu- 
cine, threonine, or serine; or sulfated (e.g., — S0 3 H) threo- 35 
nine, serine, tyrosine. 

Other substitutions may include unnatural hyroxylated 
amino acids made by combining "alkyl" (as defined and 
exemplified herein) with any natural amino acid. Basic 
amino acids may be substituted with alkyl groups at any 40 
position of the naturally occurring amino acids lysine, 
argininc, ornithine, citrulline. or (guanidino)-acetic acid, or 
other (guanidino)alkyl-acelic acids, where "alkyl"" is define 
as above. Nitrile derivatives (e.g., containing the CN-moiety 
in place of COOH) may also be substituted for asparagine or 45 
glulamine. and methionine sulfoxide may be substituted for 
methionine. Methods of preparation of such peptide deriva- 
tives are well known to one skilled in the art. 

In addition, any amino acid of said peptides can be 
replaced by the same amino acid but of the opposite chiral- 5u 
ity. Thus, any amino acid naturally occurring in the L-con- 
liguralion (which may also be referred to as the R or S, 
depending upon the structure of the chemical entity) may be 
replaced with an amino acid of the same chemical structural 
type, but of the opposite caroled, generally referred to as the 55 
D- amino acid but which can additionally be referred to as 
the R- or the S-, depending upon its composition and 
chemical configuration. Such derivatives have the property 
of greatly increased stability co degradation by enzymes, 
and therefore are advantageous in the formulation of com- 60 
pounds which may have longer in vivo half lives, when 
administered by oral, intravenous, intramuscular, intraperi- 
toneal, topical, rectal, intraocular, or other routes. 

Additional amino acid modifications of amino acids of 
GPCR polypeptides of to the present invention may include 65 
the following: Cysteinyl residues may be reacted with 
alpha-haloacetates (and corresponding amines), such as 
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2-chloroacetic acid or chloroacetamide, to give carboxym- 
ethyl or carboxyamidomethyl derivatives. Cysteinyl resi- 
dues may also be derivatized by reaction with compounds 
such as bromotrifluoroacetone, alpha-bromo-beta-(5-imi- 
dozoyl)propionic acid, chloroacetyl phosphate, N-alkylma- 
leimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl dis- 
ulfide, p-chloromercuribenzoate, 2-chloromercuri-4- 
nitrophenol. or ehloro-7-nitroben/o-2-o\a-l,3-diazole. 

Histidyl residues may be derivatized by reaction with 
compounds such as diethylprocarbonate e.g.. at pi I 5.5 7.0 
because this agent is relatively specific for the histidyl side 
chain, and para-bromophenacyl bromide may also be used; 
e.g., where the reaction is preferably performed in 0.1 M 
sodium cacodylate at pH 6.0. 

1 ysinyl and amino terminal residues may be reacted with 
compounds such as succinic or other carboxylic acid anhy- 
drides. I )eri\ atization with these agents is expected to have 
the effect of reversing the charge of the lysinyl residues. 
Other suitable reagents for derivatizing alpha-amino-con- 
taining residues include compounds such as imidoesters/ 
e.g., as methyl picolinimidate; pyridoxal phosphate; pyri- 
doxak chloroborohydride; trinitrobenzenesulfonic acid; 
O-methylisourea; 2,4 pentanedione: and transaminase-cata- 
lyzed reaction with glyoxylate. 

Arginyl residues may be modified by reaction with one or 
several conventional reagents, among them phcnylglyoxal, 
2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin 
according to known method steps. Derivatization of arginine 
residues requires that the reaction be performed in alkaline 
conditions because of the high pKa of the guanidine func- 
tional group. Furthermore, these reagents may react with the 
groups of lysine as well as the arginine epsilon-amino group, 

Tyrosyl residues may be modified by reaction with aro- 
matic diazonium compounds or tetranitromelhane. 
N-acetylimidizol and tetranitromelhane may be used to form 
O-acetyl tyrosyl species and 3-nitro derivatives, respec- 

Carboxyl side groups (aspartyl or glutamyl) may be 
selectively modified by reaction with carbodiimides (R 1 
N — C — N — R') such as l-cyclohexyl-3-(2-morpholinyl-(4- 
ethyl) carbodiimide or 1 -elhyl-3-(4-azonia-4.4-dimethyl- 
penfyl) carbodiimide. Furthermore aspartyl and glutamyl 
residues may be converted to asparaginyl and glutaminyl 
residues by reaction with ammonium ions. 

Glutaminyl and asparaginyl residues may be frequently 
deamidated to the corresponding glutamyl and aspartyl 
residues. Alternatively, these residues may be deamidated 
under mildly acidic conditions. Hither form of these residues 
falls within the scope of the present invention. 

Derivatization with Afunctional agents is useful for cross- 
linking the peptide to certain chemical moieties. Commonly 
used cross-linking agents include, e.g.. 1 . 1 -bisfdiazoacetyl)- 
2-phenylethane, glutaraldehyde, N-hydroxysuccinimide 
esters, for example, esters with 4-azidosalicylic acid, homo- 
bifunctional imidoesters, including disuccinimidyl esters 
such as 3.3'-dithiobis(succinimidylpropionate). and bifunc- 
tional maleimides such as bis-N-maleimido-l,8-octane. 
Derivatizing agents such as methyl-3-|fp-azidophenyl) 
dilhio|propioimidate yield photoacti\ atable intermediates 
that are capable of forming crosslinks in the presence of 
light. Alternatively, reactive water-insoluble matrices such 
as cyanogen bromide-activated carbohydrates and the reac- 
tive substrates described in U.S. Pat. Nos. 3,969,287; 3,691, 
016; 4,195,128; 4,247,642; 4,229,537; and 4,330.440 
(which are herein incorporated entirely by reference), may 
be employed for protein immobilization. 
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Other modifications of GPCR polypeptides of the present 
invention may include hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl 
residues, methylation of the alpha-amino groups of lysine, 
arginine. and histidine side chains (T. E. Creighton. Proteins: 5 
Structure and Molecule Properties, W. H. Freeman & Co., 
San Francisco, pp. 79-86 (1983)), acetylation of the N-ter- 
minal amine, methylation of main chain amide residues (or 
substitution with N-methyl amino acids) and, in some 
instances, amidation of the C-terminal carboxyl groups, 10 
according to known method steps. 

Such derivatized moieties may improve the solubility, 
absorption, permeability across the blood brain barrier bio- 
logical half life, and the like. Such moieties or modifications 
of GPCR polypeptides may alternatively eliminate or attenu- 1 5 
ate any possible undesirable side effect of the protein and the 
like. Moieties capable of mediating such effects are dis- 
closed, for example, in Remington's Pharmaceutical Sci- 
ences, 16th ed., Mack Publishing Co., Easton, Pa. (1980). 

Such chemical derivatives of GPCR polypeptides also 20 
may provide attachment to solid supports, including but not 
limited to, agarose, cellulose, hollow fibers, or other poly- 
meric carbohydrates such as agarose, cellulose, such as for 
purification, generation of antibodies or cloning; or to pro- 
vide altered physical properties, such as resistance to en/y- :s 
matic degradation or increased binding affinity or modula- 
tion for GPCRs, which is desired for therapeutic 
compositions comprising GPCR polypeptides, antibodies 
thereto or fragments thereof. Such peptide derivatives are 
well-known in the art, as well as method steps for making 30 
such deri\ ali\ os using carbodiimides acli\ e esters of N-hy- 
droxy succinimmide, or mixed anhydrides, as non-limiting 
examples. 

Variation upon the sequences of GPCR polypeptides of 
the present invention may also include: the addition of one 35 
or more (e.g., two, three, four, or five) lysine, arginine or 
other basic residues or one, or more (e.g., two, three, four, 
or five) glutamate or aspartate or other acidic residues at one 
end of the peptide, where "acidic" and "basic" are as denned 
herein. Negative charges can also be introduced by the 40 
addition of carboxyl. phosphate, borate, sulfonate or sulfate 
groups. Such modifications may increase the alpha-helical 
content of the peptide by the "helix dipole effect". They also 
can provide enhanced aqueous solubility of the peptide, and 
allow the correct insertion of peptides into a membrane 45 
structure. 

In another approach, a variety of uncoded or modified 
amino acids such as D-amino acids and N-methyl amino 
acids have been used to modify mammalian peptides. Alter- 
natively, a presumed bioactive conformation has been sta- 50 
bilized by a covalent modification, such as cyclization or by 
incorporation of gamma-lactam or other types of bridges. 
See. e.g., Veber and Hirschmann, et al., Proc. Nail. Acad. 
Sci. USA, 1978 75 2636 and Thorsett, et al.. Biochem 
Biophys. Res. Comm., 1983 111 166. The primary purpose 55 
of such manipulations has not been to avoid metabolism or 
to enhance oral bioavailability but rather to constrain a 
bioactive conformation to enhance potency or to induce 
greater specificity for a receptor subtype. 

The above examples of peptide scaffold- or nonpeptide 60 
template-based peptidomimetie agonists or antagonists illus- 
trate various strategies to elaborate bioactive conformation 
and/or pharmacophore models of peptide ligands at their 
receptors. In many cases, receptor subtype selectivity has 
also been achieved by systematic structural modifications of 65 
prototypic leads of peptidomimetie s. Thus, although the 3D 
structures of GPCRs remains elusive (except for models 
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constructed from homology-based low-resolution 3D struc- 
tures of bacteriorhodopsin or rhodopsin, see below) the 
de\ elopmenl of pharmacophore models using the hierarehial 
approach in peptide^peptidomimetic structure-based drug 
design is promising. 

4. Purification of GPCR Transmembrane Peptides 
The polypeptides of this invention may be purified to 

substantial purity by standard techniques, including selec- 
tive precipitation with such substances as ammonium sul- 
fate, column chromatography, immunopurilication methods, 
and others. See, for instance, R. Scopes, Protein Purifica- 
tion: Principles and Practice. Springer- Yerlag: New York 
(1982). incorporated by reference. For example, the GPCR 
transmembrane peptides proteins and polypeptides produced 
by recombinant DNA technology are purified by a combi- 
nation of cell lysis (e.g.. sonication) and affinity chromatog- 
raphy or immunoprecipilation with a specific antibody to 
GPCR transmembrane peptides or a peptide fragment 
thereof for fusion products, subsequent digestion of the 
fusion protein with an appropriate proteolytic enzyme 
releases the desired polypeptide. The proteins may then be 
further purified by standard protein chemistry techniques. A 
purified protein preferably exhibits a single band on an 
electrophoretic gel. Those of skill are reminded that the 
methods should take into account the hydrophobic nature of 
the peptides. 

5. Detection of GPCR Transmembrane Peptide Gene 
Products 

GPCR transmembrane peptides or a peptide fragment 
thereof to may be detected or quantified by a variety of 
methods. Preferred methods involve the use of specific 

antibodies. 

a. Detection of GPCR Transmembrane Peptides by Immu- 
noassay 

i. Antibody Production 

Methods of producing polyclonal and monoclonal anti- 
bodies are known to those of skill in the art. See, e.g., 
( 'oligan ( 1 ')') 1 ). C urn \ i 1'k 1 n < <u s i\ hivn noi.ogy. Wiley/ 
Greene, NY; and Harlow and Lane (1989), Antibodies: A 
Laboratory Manual, Cold Spring Harbor Press, NY; Stiles et 
al. (eds.) Basic and Clinical Immunology (4th ed.) Lange 
Medical Publications, Los Altos, Calif., and references cited 
therein; Goding (1986), Monoclonal Antibodies: Principles 
and Practice (2d ed.) Academic Press, New York, N.Y.; and 
Kohler and Milstein (1975), Nature, 256:495-497. Such 
techniques include antibody preparation by selection of 
antibodies from libraries of recombinant antibodies in phage 
or similar vectors. See. Huse et al. (1989), Science. 246: 
1275-1281; and Ward et al. (1989) Nature, 341:544-546. 
For example, in order to produce antisera for use in an 
immunoassay, a polypeptide is isolated as described herein. 
For example, recombinant protein is produced in a trans- 
formed cell line. An inbred strain of mice or rabbits is 
immunized with the peptide using a standard adjuvant, such 
as Freund's adjuvant, and a standard immunization protocol. 
Alternatively, a synthetic peptide derived from the 
sequences disclosed herein and conjugated to a carrier 
protein can be used an immunogen. 

A number of immunogens may be used to produce 
antibodies specifically reactive with GPCR transmembrane 
peptides or a peptide fragment thereof Recombinant protein 
is the preferred immunogen for the production of mono- 
clonal or polyclonal antibodies. Naturally occurring protein 
may also be used either in pure or impure form. Synthetic 
peptides made using the GPCR transmembrane peptides or 
a peptide fragment thereof sequences described herein may 
also used as an immunogen lor the production of antibodies 
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to the protein. Recombinant protein can be expressed in 
eukaryotic or prokaryotic cells as described above, and 
purified as generally described above. The product is then 
injected into an animal capable of producing antibodies. 
Hither monoclonal or polyclonal antibodies may be gener- 5 
ated, for subsequent use in immunoassays to measure the 
protein. 

Methods of production of polyclonal antibodies are 
known to those of skill in the art. In brief, an immunogen. 
preferably a purified protein such as GPCR transmembrane 10 
peptides or a peptide fragment thereof is mixed with an 
adjuvant and injected into an animal of choice (e.g.. a 
mouse, rat, rabbit, pig, goat, cow, horse, chicken, etc.) at 
intervals of 1 4 weeks. The immunogen may be conjugated 
to a carrier protein can be used an immunogen. The animal's 1 5 
immune response to the immunogen preparation is moni- 
tored by taking test bleeds and determining the titer of 
reactivity to the ( iP( R transmembrane peptides or a peptide 
fragment thereof. When appropriately high titers of antibody 
to the immunogen are obtained, blood is collected from the 20 
animal and antisera are prepared. Further fractionation of the 
antisera to enrich for antibodies reactive to the protein can 
be done if desired. (See Harlow and Lane, supra). 

Polyclonal sera are collected and titered against the 
immunogen protein in an immunoassay, for example, a solid 25 
phase immunoassay with the immunogen immobilized on a 
solid support. Polyclonal antisera with a titer of 10 4 or 
greater are selected and tested for their cross reactivity 
against non-GPCR transmembrane peptides or e\en GPCR 
transmembrane peptides from other cell types or species or 30 
a peptide fragment thereof, using a competitive binding 
immunoassay (see, e.g., Harlow and Lane, supra, at pages 
570-573). Specific monoclonal and polyclonal antibodies 
and antisera will usually bind with a K D of at least about 0.1 
mM, more usually at least about 1 uM, preferably at least 35 
about 0.1 uM or better, and most preferably, 0.01 uM or 
better. 

Monoclonal antibodies may be obtained by various tech- 
niques familiar to those skilled in the art. Briefly, spleen cells 
from an animal immunized with a desired antigen are 40 
immortalized, commonly by fusion with a myeloma cell 
(See, Kohler and Milstein, Eur. J. Immunol. 6:511-519 
(1976), incorporated herein by reference). Alternativ e meth- 
ods of immortalization include transformation w ith Hpstein 
Barr Virus, oncogenes, or retroviruses, or other methods 45 
well know n in the art. Colonies arising from single immor- 
talized cells are screened for production of antibodies of the 
desired specificity and alfmilv for the antigen, and yield of 
the monoclonal antibodies produced by such cells may be 
enhanced by various techniques, including injection into the 50 
peritoneal cavity of a vertebrate host. Alternatively, one may 
isolate DNA sequences which encode a monoclonal anti- 
body or a binding fragment thereof by screening a DNA 
library fromhuman B cells according to the general protocol 
outlined by Huse, et al. (1989) Science 246:1275-1281. 55 

ii. Immunoassays 

A particular protein can be measured by a variety of 
immunoassay methods. For a review of immunological and 
immunoassay procedures in general, see Basic and Clinical 
Immunology, 7th Edition (D. Stites and A. Terr, eds.) 1991. 60 
Moreover, the immunoassays of the present invention can be 
performed in any of several configurations, which are 
reviewed extensively in Enzyme Immunoassay, E. T. Maggio, 
ed., CRC Press, Boca Raton, Fla. (1980); "Practice and 
Theory of Enzyme Immunoassays," P. Tijssen, in Labora- 65 
tory Techniques in Biochemistry and Molecular Biology, 
Elsevier Science Publishers B.V. .Amsterdam (1985): and. 



Harlow and Lane, Antibodies. A Laboratory Mam ai . supra, 
each of which is incorporated herein by reference. 

Immunoassays to GPCR transmembrane peptides, pepti- 
domimetics or subfragments thereof may use a polyclonal 
antiserum raised against a peptide or peptidomimetic of the 
invention. This antiserum is selected to have low cross- 
reactivity against other (other non-GPCR transmembrane 
peptides or other GPCR transmembrane peptides) peptides 
and any such cross-reactivity is removed by immunoabsorp- 
tion prior to use in the immunoassay. 

Immunoassays in the competitive binding format can be 
used for the crossreactiv ity determinations, for example, a 
reference peptide antigen of the invention can be immobi- 
lized to a solid support. The ability of other molecules (other 
GPCR transmembrane peptides, or non-GPCR transmem- 
brane peptides, or unknowns) to compete with the binding of 
antisera which recognize the immobilized reference peptide 
antigen is measured. The ability of such molecules to 
compete vv ith the binding of an antiserum or antibody to the 
immobilized reference peptide is compared to a standard 
molecule, such as the reference peptide antigen itself. The 
percent crossreactivity is calculated, using standard calcu- 
lations, Antisera vv ith less than 10% crossreactiv ity to cross- 
reacting molecules are selected and pooled. Any cross- 
reacting antibodies are optionally removed from the pooled 
antisera by immunoab sorption with cross-reacting mol- 
ecules. 

The immunoabsorbed and pooled antisera are then used in 
a competitive binding immunoassay to compare the binding 
of a second protein to that of the reference peptide antigen. 
In order to make this comparison, the two molecules are 
each assayed at a wide range of concentrations and the 
amount of each molecule required to inhibit 50% of the 
binding of the antisera to the immobilized reference peptide 
antigen is determined. If the amount of the second protein 
required is less than 10 times the amount of the reference 
peptide used to make the antibody, then the second protein 
is said to specifically bind to an antibody generated to the 
reference peptide antigen. 

The presence of a desired polypeptide (including peptide, 
translation product, or enzymatic digestion product) in a 
sample may be detected and quantified using Western blot 
analysis. The technique generally comprises separating 
sample products by gel electrophoresis on the basis of 
molecular weight, transferring the separated proteins to a 
suitable solid support, (such as a nitrocellulose filter, a nylon 
filter, or derivati/ed nylon filter), and incubating the sample 
with labeling antibodies that specifically bind to the analyte 
protein. The labeling antibodies specifically bind to analyte 
on the solid support. These antibodies are directly labeled, or 
alternatively are subsequently detected using labeling agents 
such as antibodies (e.g.. labeled sheep anti-mouse antibodies 
where the antibody to an analyte is a murine antibody) that 
specifically bind to the labeling anfibod}'. 

6. Detection of GPCR Transmembrane Peptide 
Sequences. Peptides and Peptidomimetics that Optimally 
Inhibit GPCR Biological Properties and Functions 

Peptides or peptide variants of the invention that modulate 
biological activity of GPCRs are generally identified as 
follow s. Peptide sequences are selected from the transmem- 
brane domains of the GPCR to be targeted. The transmem- 
brane domains are readily ascertained by the application of 
computer models to known sequences. Computer modeling 
and comparison with known transmembrane peptide 
sequences are also used to define the orientation of the 
peptide sequence in the membrane, thus allowing the deter- 
mination of the end of the peptide sequence that is towards 
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the exlracelluar aspect ol'the pl;im;i membnine. The selec- 
tion of a preferred transmembrane domain to be targeted is 
largely empirical. We have found thai peptides derived from 
transmembrane domain 2 are particularly effective inhibitors 
of GPCR function. Allernaliv ely, peptide sequences selected 5 
from transmembrane domain 4 have also been effective 
antagonists. 

Upon selection of a peptide sequence, a reference trans- 
membrane sequence is synthesized and systematically modi- 
fied to identify variants (or analogs) that have improved io 
properties. The modilications introduce a negative charge at 
the extracellular end of the peptide sequence. Negative 
charges may be added in the form of acidic amino acid 
residues such as Asp or Glu. The number of acidic residues 
that is added is typically from 1 to 3 depending upon the 15 
hydrophobicity of the peptide sequence and the subsequent 
necessity to increase the solubility of the peptide. Further, 
preferable peptides have a neutral charge at the end of the 
peptide that is oriented towards the intracellular aspect ol'the 
plasma membrane. Thus, the overall hydrophobic nature of 
such a transmembrane peptide will result in insertion into a 20 
membrane and the negative charge at the extracellular end 
will result in the peptide having the same orientation as the 
transmembrane GPCR domain from which it is derived. 
Insertion into the membrane may be tested by fluorescent 
microscopy of labeled peptide analogs using methodology ^ s 
known to those of skill in the art as illustrated in Example 
3 herein. 

I he abilitx of the peptide or peptide \ ariants to modulate 
activity ol'the targeted GPCR is generally determined by 
testing the ability ol'the peptide to inhibit activation that is 
induced bv a natural liuand ol'the larueled GP( 'R. Activation 
of most GPCRs results in an increase in cAMP or the release 
of intracellular calcium. 

Thus, if activation of the target GPCR increases cAMP, 
the inhibitory activity of the peptide is determined by ,. 
measuring cAMP levels using methods known to those in 
the art (see e.g., C. Nordstedt and B. B. Fredholm Anal. 
Chem. 189: 231-234 (1990). Similarly, if activation of the 
target GPCR releases intracellular calcium, the inhibitory 
activity of the peptide is determined by measuring the 
intracellular calcium levels as illustrated in the examples 40 
below. 

Peptides may be tested for other properties including the 
following: 

enhanced ability to modulate GPCR activity; 

increased resistance to proteolysis; 45 

improved solubility; 

longer or shorter half-life, particularly in culture medium 
or a biological fluid such as plasma or whole blood: 

improv ed ability to insert into a membrane compartment, 
especially in a particular orientation, by means known 50 

Variant peptides may also be synthesized having any one or 
more of the following modifications: 

conservative or non-conservative substitution of any of 
the amino acid residues: 55 

deletion or addition of residues at any position; 

chemical modification at any residue: 

peptidomimetic analogs of the reference peptide. 

Variant peptides can be rationally designed and/or screened 
for using high throughput screening methodologies applied 60 
to combinatorial libraries. Methods of generating combina- 
torial libraries and screening such libraries using high- 
throushput methods are well known to those of skill in the 
art (see, e.g., Baum, C&EN (Feb. 7, 1994): 20-26 and 
references cited therein). 65 

These variant peptides are also tested for the an\ of the 
above-listed properties. In general, a variant peptide is 



considered to have improved properties relative to the 
reference peptide if a given measurable property or param- 
eter associated with the peptide has a value that is at least 
10%, preferably at least 30%, more preferably at least 75%, 
and most preferably at least 95% better than the value for the 
reference peptide. 

The relativ e ability ol'the modified peptides (as compared 
to the reference peptide) to modulate a GPCR biological 
activity is tested as follows. A cell line that expresses a 
GPCR and exhibits a GPCR-mediated biological activity is 
exposed to either the reference or the modified peptide under 
identical conditions, and the biological property of the 
GPCR is measured in the absence or presence of either 
peptide. Examples of cell lines, GPCRs expressed by the cell 
line, and GPCR-regulated properties measured include the 

any cell that stably expresses CXCR4. especially attached 
cells, including cells that are genetically engineered to 
express CXCR4, including HeLa cells; CXCR4; stroma 
cell derived factor I-induced calcium flux; 

any cell that stably expresses CXCR4, especially attached 
cells, including cells that are genetically engineered to 
express CXCR4, including CM cells; CXCR4; HIV-1 
infection: 

any cell that stably expresses CCKAR, especially 
attached cells, including cells that are genetically engi- 
neered to express CCKAR, such as CHO cells; 
( '( KAR: cholecystokinin-induced calcium release: 
any cell that stably expresses human CCR5, especially 
attached cells, including cells that are genetically engi- 
neered to express CCR5, including HEK cells; CCR5; 
RENTES induced calcium release. 
The inhibitory activity is measured by exposing GPCR- 
expressing cells to a range of concentrations of a test 
antagonist, and measuring a biological properly or activity 
associated with that GPCR. The test concentrations can 
range from 1 nanomolar to 100 micromolar, depending on 
peptide solubility and affinity. Initial screening is performed 
using 10-fold dilutions, such as 50, 5, 0.5, 0.05 micromolar. 
Then, the lowest active concentration is lowered in decre- 
ments of 10% to determine the lowest effective concentra- 
tion. The property measured can be binding to a ligand (for 
example, binding of cholecystokinin octapeptide to 
CCKAR). or production of a measurable metabolic response 
(e.g.. altered ion flux or translocation, altered phosphoryla- 
tion, altered protein sv nthesis or degradation, altered cellular 
morphology, altered secretion, altered production of particu- 
lar components such as soluble inositol phosphates, binding 
of a virus and subsequent infection, tumor growth, chemo- 
taxis, mitogenic response, cell growth activation, secretion, 
muscle contraction, vasopressing and vasodepressing activ- 
ity, synaptic transmission, and release of intracellular cal- 
cium, etc.) 

The following GPCRs have been reported to play a role 
in HIV infection: 



STRL33 
CCRR5 
OCRS: 
CCR2 



U.S. Provisional Application No. 60/054,094; 
Proc. Natl. Acad. Sci. USA: 2752-2756 (1994) 
J. Biol. Chem. 270: 29671-29675 (1995) 
J. Biol. Chem. 270: 16491-16494 l 1995) 
DNA Cell Biol. 14: 673-680 (1995) 



The following is a list of transmembrane peptides tl 
have GPCR antagonist properties: 
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F-2-2: LLFVITLPFWAVDAVANWYFGNDD (SEQ ID NO:l) 

F-4-2: VYVGVWIPALLLTIPDFIFANDD (SEQ ID NO: 3) 

F-6-1: VILILAFFACWLPYYIGISID (SEQ ID NO:4) 



F-7-4: DDS ITEALAFFHCCLNPILYAFL-NH 2 (SEQ ID NO:6) 

CCR5-TM-2-2: LFFL LTVPFWAHYAAAQWDFGDD (SEQ ID NO:7) 

CCR5-TM-4-1: FGWTSVITWWAVFASLPGIIFTSSDD (SEQ ID N0:8) 

CCR5-TM-6-1: L IFT IMIVYFLFWAPYN I VLLLNTFQED (SEQ ID NO:9) 

CCR5-TM-7-1: DDQAMQVTETLGMTHCCINPIIYAFV (SEQ ID NO: 10) 

CCR2-TM-6-1: VIFTIMIVYFLFWTPYN IVILLNTFQED (SEQ I 

CCR2-TM-7-1: DDATQVT ETLGMTHCCINPIIYAFV (SEQ ID NO: 15) 

(SEQ ID NO: 16) 

CCR3-TM-4-1: FGVITSIVTWGLAVLAALPEFI FYETED (SEQ I 

CCR3-TM-6-1: IFVTMAVFFI FWTPYNVAILLSSYQSDD (SEQ I 

CCR3-TM-7-1: DDLVMLVTEVIAYSHCCMNPVIYAFV (SEQ ID NO: 19) 
From the GPCR CCKAR 

CCKAR-TM-1-6 : DDEKQSALQILLYSIIFLLSV- (SEQ IDNO:20) 
LGNTLVITV 



7. Treatment Embodiments 

The compositions containing the present GPCR trans- 
membrane peptides, or a cocktail thereof (i.e.. with other 
molecules, including oilier peptides of the invention), can be 
administered for therapeutic treatments. The molecules of 
the present invention are used to protect a patient from 
pathologies associated with GPCR, by modulating the bio- 
logical activities associated with the GPCR. "Protection" 
from infection or disease as used herein is intended to 
encompass "prevention" or "treatment." "Treatment" 
involves administration of the protective composition to a 
patient exhibiting symptoms of a GPCR-associated pathol- 
ogy (for example, HIV-1 infection), so as to reduce or 
suppress the symptoms of the pathology. Other examples of 
GPCR-associated conditions that may be treated with the 
peptides of the invention include: 

cancer. For example, vasoactive intestinal peptide (MP) 
receptor is known to be overexpressed in breast cancer 
and lung cancer, and VIP antagonists are known to 
inhibit cancer growth. Thus, a peptide of the invention 
is probably effective in inhibiting such cancers: 



45 antagonists of chemokine receptors as anti-infiamatory 
and anti asthma drugs; 
tissue rejection; 

neuropeptide Y receptor antagonists as anti-obesity drugs: 
dopamine receptor D4 antagonists as drugs for treatment 
50 of depression, attention deficit hyperactivity disorder 

and schizophrenia; 
antagonists of Corticotropin-Releasing Factor Receptor 

for the treatment of depression and anxiety related 

disoders; 

angiotensin receptor antagonists as a mean of blood 
pressure control; 

antagonists of gastrin-releasing peptide receptor, soma- 
tostatin and gastrin receptors as anti-neoplastic agents 
60 that slow down growth of endocrine tumors; 

antagonists of opiod receptors as pain killers. 

a. Pharmaceutical Compositions 

The compositions for administration may be in the form 
of a solution, suspension, tablets, pill, capsule, powder, gel, 
65 cream, lotion, ointment, aerosol or the like. In a preferred 
embodiment, the compositions for administration comprise 
a solution of the GP( "R transmembrane peptides dissolved in 
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a pharmaceutical!) acceplable carrier preferably an aqueous 
carrier. A variety of aqueous carriers can be used, e.g., 
buffeted saline and the like. These solutions are sterile and 
generally free of undesirable matter. These compositions 
may be sterilized by conventional, well known sterilization 
techniques. In certain embodiments, the GPCR transmem- 
brane peptides are provided in powder form. 

The GPCR transmembrane peptides and analogs may be 
combined with conventional excipient, such as pharmaceu- ; 
Heal grades ofmannilol. lactose, starch, magnesium stearate, 
sodium saccharin, talcum, cellulose, glucose, sucrose, mag- 
nesium, carbonate, and the like. The compositions may 
contain pharmaceiitically acceptable auxiliary substances as 
required to approximate physiological conditions such us pi I i 
adjusting and buffering agents, toxicity adjusting agents and 
the like, for example, sodium acetate, sodium chloride, 
potassium chloride, calcium chloride, sodium lactate and the 
like. The concentration of the GPCR in these formulations 
can vary widely, and will be selected primarily based on 2 
fluid volumes, viscosities, body weight and the like in 
accordance with the particular mode of administration 
selected and the patient's needs. 

b. Administration and Dosage 

The pharmaceutical composition or medium that com- 
prises a CiPCR transmembrane peptide is administered 
orally, parenterally, enterically, gastrically, topically, subcu- 
taneously, rectally, locally or systemically. For example, the 
compounds can be injected into the bloodstream using a 3 
cannula or catheter; the vein or artery is selected to maxi- 
mize delivery of cells to the affected tissue(s). Actual 
methods for preparing parenterally administrable composi- 
tions w ill be know n or apparent to those skilled in the art and 
are described in more detail in such publications as Rem- 3 
ington 's Pharmaceutical Science, 1 5th ed., Mack Publishing 
Company, Easton, Pa. (1980). It is recognized that the 
GPCR transmembrane peptides polypeptides and related 
compounds described above, when administered orally, 
must be protected from digestion. This is typically accom- 
plished either by complexing the protein with a composition 
to render it resistant to acidic and enzymatic hydrolysis or by 
packaging the protein in an appropriately resistant carrier 
such as a liposome. Means of protecting proteins from 
digestion are well known in the art. 4 

In therapeutic applications, compositions are adminis- 
tered to a patient suffering from a disease or condition that 
in an amount sufficient to cure or at least partially arrest 
■symptoms of the disease or conditions and its complications. 
An amount adequate to accomplish this is defined as a 5 
"therapeutically effective dose." Amounts effective for this 
use will depend upon the severity of the condition to be 
treated and the general state of the patient's health. 

Generally, the dosage to be administered is the amount 
necessary to modulate a GPCR biological activity. It is 5 
understood that the dosage of a GPCR polypeptide of the 
present invention will be dependent upon the age, sex, 
health, and weight of the recipient, kind of concurrent 
treatment, if any, frequency of treatment, and the nature of 
the effect desired. The ranges of effective doses provided 6 
herein are not intended to limit the inventors and represent 
preferred dose ranges. The most preferred dosage will be 
tailored to the individual subject, as is understood and 
determinable by one of skill in the art, without undue 
experimentation. It is contemplated that the compounds will ft 
be administered under the guidance of a physician, who w ill 
determine the exad dosages, monitor the progress of the 



treatment, and determine whether a given administration is 
successful and sufficient, or whether subsequent administra- 
tions are needed. 

The concentration of compounds to be administered at a 
given time and to a given patient will vary from 0.1 ug-100 
mg and preferably 0.1-10 mg per day per patient. The 
dosage and mode of administration may be chosen to 
achieve and optionally maintain a local concentration in 
fluids that contact the target cells of about 0.001-50 ug/ml, 
preferably 0.1-10 ug/ml. Dosages from 0.1 up to about 100 
mg per patient per day may be used, particularly when the 
drug is administered to a secluded site and not into the blood 
stream, such as into a body cavity or into a lumen of an 
organ. Substantially higher dosages are possible in topical 
administration. 

Single or multiple administrations of the compositions 
may be necessary depending on the dosage and frequency as 
required and tolerated by the patient. In any event, the 
composition should provide a sufficient quantity of the 
peptides of this invention to effectively treat the patient. 

c. Gene Therapy 

The present invention provides packageable GPCR trans- 
membrane peptide-encoding nucleic acids for the transfor- 
mation of cells in vitro and in vivo. These packageable 
nucleic acids can be inserted into any of a number of well 
known vectors for the transfection and transformation of 
target cells and organisms. 

The nucleic acids are transfected into cells, ex vivo or in 
vivo, through the interaction of the \ ector and the target cell. 
The GPCR transmembrane peptide-encoding nucleic acid, 
under the control of a promoter, then expresses the GPCR 
transmembrane peptide, therein' modulating the biological 
activity of a target GPCR. 

Such gene therapy procedures have been used to correct 
acquired and inherited genetic defects, cancer, and viral 
infection in a number of contexts. The ability to express 
artificial genes in humans lacilitates the prevention and/or 
cure of many important human diseases, including many 
diseases which are not amenable to treatment by other 
therapies. As an example, in vivo expression of cholesterol - 
regulating genes, genes which selectively block the replica- 
tion of HIV. and tumor-suppressing genes in human patients 
dramatically improves the treatment of heart disease. All )S. 
and cancer, respectively. For a review of gene therapy 
procedures, see Anderson, Science (1992)256:808-813; 
Nabel and Feigner (1993) TIBTECH 11: 211-217; Mitani 
and Caskey (1993) TIBTECH 11: 162-166; Mulligan 

(1993) Science 926-932; Dillon (1993) TIBTECH 11: 
167-175; Miller (1992) Nature 357: 455^160; Van Brunt 
(1988) Biotechnology 6(10): 1149-1154; Vigne (1995) 
Restorative Neurology and Neuroscience 8: 35-36; Kremer 
and Perricaudet (1995) British Medical Bulletin 51(1) 
3 1 44; 1 Iaddada et ah. (1 995) in Ci nm vi Tout s i\ Mn nom- 
ology and Immunology Doerfier and Bohm (eds) Springer- 
Verlag, Heidelberg Germany; and Yu et al., Gene Therapy 

(1994) 1:13-26. 

Delivery of the gene t >r genet ic ma ierial into the cell is the 
first critical step in gene therapy treatment of disease. A large 
number of deliver} - methods are well known to those of skill 
in the art. Such methods include. Tor example liposome- 
based gene deliver} - (Debs and Zhu (1993) WO 93/24640: 
Mannino and Gould-Fogerite (1988) BioTechniques 6(7): 
682-691: Rose U.S. Pats No. 5.279.833: Brigham (1991) 
WO 91/06309; and Feigner et al. (1987) Proc. Natl. Acad. 
Sci. USA 84: 7413-7414), and replication-defective retrovi- 
ral vectors harboring a therapeutic polynucleotide sequence 
as part of the retroviral genome (see, e.g.. Miller et al. (I 990) 
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AAV-based vectors are 
target nucleic acids, e.g., ir 
acids and peptides, and in 
procedures. See, West et 



Mol. Cell. Biol. 10:423') (1990): Kolberg (1992) J. NIH Res. 
4:43. and Cornetta et al. Hum. Gene Ther. 2:215 (1991)). 
Widely used retroviral vectors include those based upon 
murine leukemia \ irus ( Mul .V), gibbon ape leukemia virus 
(GaLV), Simian Immuno deficiency virus (SIV), human 5 
immuno deficiency virus (HIV), and combinations thereof. 
See,e.g,Buchscheretal.-(1992)J. Virol. 66(5)2731-2739; 
Johann et al. (1992) J. Virol. 66 (5): 1635-1640 (1992); 
Sommerfelt et al., (1990) Virol. 176:58-59; Wilson et al. 
(1989) J. Virol. 63:2374-2378; Miller et al., J. Virol, to 
65:2220 2224 (1991): Wong-Staal et al. P( T. WS94 05700. 
and Rosenburg and Fauci (1993) in Fundamental Immunol- 
ogy, Third Edition Paul (ed) Raven Press, Ltd., New York 
and the references therein, and Y et al.. Gene Therapy ( 1 994), 
supra). 15 
used to transduce cells with 
in vitro production of nucleic 
vo and ex vivo gene therapy 
(1987) Virology 160:38^17; 
Carter et al. (1 989) U.S. Pat. No. 4,797,368; Carter et al. WO 20 
93/24641 (1993); Kotin (1994) Human Gene Therapy 
5:793-801; Muzyczka (1994) J. Clin. Invest. 94:1351 and 
Samulski (supra) for an overview of AAV vectors. Construc- 
tion of recombinant AAV vectors are described in a number 
of publications, including I ebkowski. U.S. Pat. No. 5.173. 25 
414; Tratschin et al. (1985) Mol. Cell. Biol. 
5(ll):3251-3260; Tratschin, et al. (1984) Mol. Cell. Biol.. 
4:2072-2081; Hermonat and Muzyczka (1984) Proc. Natl. 
Acad. Sci. USA, 81:6466-6470; McLaughlin et al. (1988) 
and Samulski et al. (1989) J. Virol, 63:03822-3828. Cell 30 
lines that can be transformed by rAAV include those 
described in Lebkowski et al. (1988) Mol. Cell. Biol, 
8:3988-3996. 

i. In Vitro Gene Transfer 

It is expected that those of skill in the art are knowledge- 35 
able in the numerous expression systems available for 
expression of DNA encoding CiPCR transmembrane pep- 
tides or a peptide fragment thereof. No attempt to describe 
in detail the various methods known for the expression of 
proteins in prokaryoles or eukaryotes is made here. 40 

There are several well-known methods of introducing 
nucleic acids into bacterial and animal cells, any of which 
may be used in the present invention. These include: calcium 
phosphate precipitation, fusion of the recipient cells with 
bacterial protoplasts containing the DNA. treatment of the 4^ 
recipient cells with liposomes containing the DNA. DfAb 
dextran, receptor-mediated endocytosis, electroporation, 
micro-injection of the DNA directly into the cells, infection 
with viral vectors, etc. 

For in vitro applications, the delivery of nucleic acids can 50 
be to any cell grown in culture, whether of bacterial, plant 
or animal origin, vertebrate or invertebrate, and of any tissue 
or type. Contact between the cells and the genetically 
engineered nucleic acid constructs, when carried out in vitro, 
takes place in a biologically compatible medium. The con- 55 
centration of nucleic acid varies widely depending on the 
parlicularapplication. but is generally between about 1 nmol 
and about 10 mmol. Treatment of the cells with the nucleic 
acid is generally carried out at physiological temperatures 
(about 37° C.) for periods of time of from about 1 to 48 60 
hours, preferably of from about 2 to 4 hours. 

In one group of embodiments, a nucleic acid is added to 
60-80% confluent plated cells having a cell density of from 
about 10 3 to about 10 5 cells/mL, more preferably about 
2xl0 4 cells/mL. The concentration of the suspension added 65 
to the cells is preferably of from about 0.01 to 0.2 ug/mL, 
more preferably about 0.1 ug/mL. 



ii. In vivo Gene Transfer 

Alternatively, the GPCR transmembrane peptide encod- 
ing nucleic acids can also be introduced into target cells in 
vivo, using recombinant methods which are known to those 
of skill in the art. The insertion of genes into cells for the 
purpose of medicinal therapy is a rapidly growing field in 
medicine which has enormous clinical potential. Research in 
gene therapy has been on-going for several years, and has 
entered human clinical trials. Xhu. et al.. Science, 261: 
209-21 1 (1993), incorporated herein by reference, describes 
the intravenous delivery of cytomegalovirus (CMV)-ch 
loramphenicol acetyltransferase (CAT) expression plasmid 
using DOTMA-DOPE complexes. Hyde, et al., Nature, 
362:250-256 (1993), incorporated herein by reference, 
describes the delivery of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene to epithelia of the 
airway and to alveoli in the lung of mice, using liposomes. 
Brigham, et al. Am. J. Med. Sci., 298:278-281 (1989), 
incorporated herein by reference, describes the in vivo 
transfeclion of lungs of mice w ilh a functioning prokaryotic 
gene encoding the intracellular enzyme chloramphenicol 
acetyltransferase (CAT). 

Formulations suitable for administration include aqueous 
and non-aqueous, isotonic sterile injection solutions, which 
can contain antioxidants, bullers. bacteriostats. and solutes 
that render the formulation isotonic with the blood of the 
intended recipient, and aqueous and non-aqueous sterile 
suspensions that can include suspending agents, solubili/ers. 
thickening agents, stabilizers, and preservatives. The formu- 
lations of packaged nucleic acid can be presented in unit- 
dose or multi-dose sealed containers, such as ampules and 
vials. Injection solutions and suspensions can be prepared 
from sterile powders, granules, and tablets of the kind 
previously described. 

For in vivo administration, pharmaceutical compositions 
that comprise GPCR transmembrane peptide-encoding 

intraarticularl}'. intra\ enously. intrapentoneally. subcutane- 
ously, or intramuscularly. More preferably, the pharmaceu- 
tical compositions are administered intravenously or intra- 
peritoneal!}' by a bolus injection, for example, see Stadler. 
et al, U.S. Pat. No. 5,286,634, which is incorporated herein 
by reference. Intracellular nucleic acid delivery has also 
been discussed in Straubringer, et al. Methods in Enzymol- 
ogy, Academic Press, New York. 101:512-527 (1983); Man- 
nino, et al, Biotechniques, 6:682-690 (1988); Nicolau, et 
al, Crit. Rev. Ther. Drug Carrier Syst., 6:239-271 (1989), 
and Behr, Acc. Chem. Res., 26:274-278 (1993). Still other 
methods of administering therapeutics are described in, for 
example, Rahman et al, U.S. Pat. No. 3.993.754; Scars, U.S. 
Pat. No. 4,145,410; Papahadjopoulos et al, U.S. Pat. No. 
4,235,871; Schneider, U.S. Pat. No. 4,224,179; Lenk et al, 
U.S. Pat. No. 4,522,803; and Fountain et al, U.S. Pat. No. 
4,588,578. 

In preferred embodiments, the pharmaceutical prepara- 
tions may be contacted with the target tissue by direct 
application of the preparation to the tissue. The application 
may be made by topical, "open" or "closed" procedures. By 
"'topical", it is meant the direct application of the pharma- 
ceutical preparation to a tissue exposed to the environment, 
such as the skin, oropharynx, external auditory canal, and 
the like. "Open" procedures are those procedures which 
include incising the skin of a patient and directly visualizing 
the underlying tissue to which the pharmaceutical prepara- 
tions are applied. This is generally accomplished by a 
surgical procedure, such as a thoracotomy to access the 
lungs, abdominal laparotomy to access abdominal viscera. 
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or other direct surgical approach to the target tissue. 
"Closed" procedures are invasive procedures in which the 
internal target tissues are not directly visualized, but 
accessed via inserting instruments through small wounds in 
the skin. For example, the preparations may be administered • 
to the peritoneum by needle lavage. Likewise, the prepara- 
tions may be administered through endoscopic devices. 

The nucleic acid can also be administered in an aerosol 
inhaled into the lungs (see, Brigham, et al., Am. J. Sci., 
298(4):278-281 (1989)) or by direct injection at the site of l 
disease (Culver. Human dene Iherupv. Mary Ann Liebert, 
Inc., Publishers, New York. pp. 70-71 (1994)). 

Khedive doses oh the compositions of the present inven- 
tion will vary depending upon many different factors, 
including means of administration, target site, physiological i 
state of the patient, and other medieants administered. Thus, 
treatment dosages will need to be titrated to optimize safety 
and efficacy. In determining the effective amount of the 
vector to be administered, the physician evaluates the par- 
ticular nucleic acid used, the disease state being diagnosed: : 
the age, weight, and condition of the patient, circulating 
plasma levels, vector toxicities, progression of the disease, 
and the production of anti-vector antibodies. The size of the 
dose also will be determined by the existence, nature, and 
extent of any adverse side-effects that accompany the 2 
administration of a particular vector. Doses ranging from 
about 10 ng to 1 g, 100 ng to 100 mg, 1 tig to 10 mg, or 
30-300 ug DNA per patient are typical. Doses generally 
range between about 0.01 and about 50 mg per kilogram of 
body weight; preferably between about 0.1 and about 5 3 
mg kg of body weight or about 10 s — 10 10 or 10 12 particles 
per injection. In general, the dose equivalent of a naked 
nucleic acid from a vector is from about 1 itg to 100 ug for 
a typical 70 kilogram patient, and doses of vectors which 
include a retroviral particle are calculated to yield an eqtiiva- i 
lent amount of inhibitor nucleic acid. 
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i of ordinary skill in the art can modify and/or adapt 
'arious applications without undue experi- 
, without departing from the generic concept of the 
present invention. Therefore, such adaptations and modifi- 
cations are within the scope and range of the present 



Prior to infusic 
for analysis. Between 10 8 am 
intravenously over 60 200 mi 
saturation by pulse oximetry ; 
samples are obtained 5 



xlO 12 vectors are infused 
es. Vital signs and oxygen 
closely monitored. Blood ■ 
hour following 



infusion and saved for subsequent analysis. At the physi- 
cian's discretion, reinfusion is repeated every 2 to 3 months 
for a total of 4 to 6 treatments in a one year period. After the 
first treatment, infusions can be performed on a outpatient • 
basis at the discretion of the clinician. If the reinfusion is 
given as an outpatient, the participant is monitored for at 
least 4. and preferably X hours following the therapy. 

If a patient undergoing infusion of a vector or transduced 
cell develops fevers, chills, or muscle aches, he/she receives : 
the appropriate dose of aspirin, ibuprofen or acetaminophen. 
Patients who experience reactions to the infusion such as 
fever, muscle aches, and chills are premedieated 30 minutes 
prior to the future infusions with either aspirin, acetami- 
nophen, or diphenhydramine. Meperidine is used for more : 
severe chills and muscle aches that do not quickly respond 
to antipyretics and antihistamines. Vector infusion is slowed 
or discontinued depending upon the severity of the reaction. 

In vivo gene transfer may be practiced in a variety of 
hosts. Preferred hosts include mammalian species, such as < 
humans, non-human primates, dogs. eats, cattle, horses, 
sheep, and the like. 

EXAMPLES 



Example 1 

Example 1 illustrates that peptides derived from trans- 
membrane regions of CXCR4 inhibit CXCR4-mediated 
calcium fluxes. 

Peptides having the selected sequences were synthesized 
by a flow-through solid phase peptide synthesis on 432A 
Applied Biosystems Peptide Synthesizer utilizing Fmoc 
amino acid derivatives. To overcome the aggregation that 
frequently occurs during the synthesis of hydrophobic pep- 
tides and leads to the blockage of the grow ing peptide chain. 
FmocHmb derivatives of Ala, Val and Leu were introduced 
into the difficult sequences. Charged residues were added to 
the peptide termini to assure a proper orientation of the 
peptides during penetration into the cellular membrane, and 
to improv e the solubility of the highly hydrophobic peptides. 

The purity of the peptides was assessed by reverse phase 
HPLC and the structures were confirmed by matrix-assisted 
laser-desorption time-of-flight (MALDI-TOF) mass spec- 
trometry (Tarasova et al. (1998), Ad. Exp. Med. Biol., 
Plenum Press, NY, pp. 201-206.) 

Peptides used in this example are listed in Tables 1, 2, and 

3. 

The effect of the peptides on CXCR4-mediated calcium 
fluxes in HeLa cells that naturally express the CXCR4 
receptor and U87 cells stably expressing the CXCR4 recep- 
tor was tested as follows. Cells grown on Nunc cover glass 
chamber slides were incubated with 1 micromolar Fura-2/ 
AM for 20 min in a C0 2 -incubator, rinsed with PBS and 
mounted on the stage of a Zeiss Axiovcrt inverted micro- 
scope. [Ca 2+ ],. measurements were performed using an 
Attolluor digital imaging system (Atto Instruments. Rock- 
ville, Md.). Fluorescence of Fura was excited at alternating 
wavelength of 340 and 380 nm. Fluorescence was monitored 
by an intensified CCD camera using a 505 cut-off filter. 
Calibrations of |Ca~ + |, signals were performed using Ca 2+ 
standards containing 1 micromolar fura. CXCR4 antago- 
nists were tested on HeLa cells and U87 cells. Stromal 
cell-derived factor-la (SDF-la) was used as a specific 
CXCR4 agonist. 

CCR5 antagonists, which were used in selectivity studies 
as described below, were tested on I U K ( human kidney 
carcinoma) cells stably expressing the CCR5 receptor and 
RANTES was used as an agonist. The antagonist activity of 
the peptides was evaluated by measuring the inhibition of 
agonist-evoked intracellular Ca 2+ i release. These measure- 
ments were carried out in Fura-2/ AM-treated cells, utilizing 
an Attolluor digital imaging system as described above. The 
agonist was SDF-1 a. 

In the preliminary screen, peptides corresponding to the 
second and sixth transmembrane domains were found to 
abolish SDF- la-induced signaling through CXCR4 receptor 
(Table 1). Further optimization and structure-activity studies 
allowed to obtain antagonists derived from all but the third 
and fifth transmembrane domains (Table 2). 
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5 fjK 
(SEQ ID NO:351) 
>50 

(SEQ ID NO:352) 
>50 

>50 

10 

>100 fjM 
(SEQ ID NO:355) 
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blocked signal transduction at 0.2 micromolar. Addition of 
negatively charged residues to the termini appeared to be 
important for the acth ity. Elimination of the added negative 
charges provided by two C-terminal Asp residues (F-2-1) 

s decreased antagonist potency more than ten-fold. Consistent 
with those findings, the substitution of negatively charged 
aspartate residues with positively charged lysines (F-2-3) 
resulted in 100-fold dicrease in antagonist acth ity. Deletion 
of five residues preceding the C-terminal aspartates (F-2-4) 

10 reduced the potency 20-fold. Truncation of the transmem- 
brane portion by three N-terminal residues Leu-Leu-Phe 
rendered the peptide inactive. 

TABLE 3 



required for 

bition of 
[Ca 2l : ] release 



LLFVITLPFWAVDAVANWYFGNKK 



TABLE 2 



Biological activity of CXCR4 antagonists derived 
from different transmembrane domains. Anti sig- 
naling activity was determined in inhibition of 
SDF- la-induced intracellular calcium release. 

assay utilizing CEM-SS cells infected with HIV-1„, 



! LSVADLLFVITLPFWAVDAVANDD 



(SEQ ID NO:360) 



VYVGVWIPALLLTIPDFIFANDD 



VILILAFFACWLPYYIGISID 



45 Similar results were also observed for peptides derived 
from additional transmembrane regions, for example, in the 
case of peptides corresponding to the fourth transmembrane 
domain, positioning of the charged residue at the intracel- 
lular end of the peptide (F4-1, Table 1) instead of the 

s, extracellular end 0 -4-2. fable 2) abolished the antagonist 
activity, further, substitution of extracellular aspartates with 
lysines also abolished the antagonist activity (data not 
shown). 

The specificity of the transmembrane domain interaction 
, s 1 1 ' hi n ited b\ the tact that all peptides derived from 
CXCR4 showed selectivity for that receptor and had no 
influence on signaling of the other chemokine receptor 
involved in HIY-1 entry. CCR5. Similarly, a peptide derived 
from the second transmembrane domain of CCR5, 
LFFLLTVPFWAHYAAAQWDFGDD (SEQ ID NO:7), 
"" completely abolished agonist induced signaling o I' the recep- 



To further understand the structural requirements 
successful antagonist, structure-activity studies were 

ducted on the peptides derived from the second transmem- 65 potent than the most 



U87 cells at 500 nM 
on signaling of CXCR4. 

It was further noted that 
peptides, F-6-1 and F-7-3, 



brane domain off X( 'R4 (fable 3 1. 1 he most potent antago- 
nist, a 24 amino acid residue peptide F-2-2. completeh 



., but had no effect 

equimolar mixture of two 
an order of magnitude more 
of the two peptides. This 



synergistic effect produced by the derivatives of the sixth 
and seventh transmembrane regions may be a general phe- 
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nomenon. Thus, pairs of TM analogs in optimized combi- 
nations may act as very potent antagonists. 

Example 2 

Lxample 2 illustrates that synthetic peptides correspond- 
ing to transmembrane domains of CXCR4 inhibit CXCR4- 
mediated HIV infection. 

CCR5 and CXCR4 are believed to be the main co- 
receptors for HIVI cell entry (Broder et al., (1997), J. 
l.eukor. Biol. 62:2029: Doran/ et al. (1997) Immunol. Res. 
16: 1528; Premack and Schall (1996), Nat. Med. 
2: 1 1741 1 78.). although other chemokine receptors appear to 
mediate infection as well (Michael et al. (1997) Sal. Mai. 
3(10):11602). 

The ability of synthetic CXCR4-derived peptides of Table 
1 to inhibit HIV-1 infection of CEM-SS cells was tested 
using an LAY strain of the virus that is known to utilize 
( :X( :R4 as a co-receptor. Anti-HIV-1 assay. Buckheit et al. 
(1993) Antiviral Research 21: 247. The CEM-SS cells were 
maintained in RPMI 1640 medium containing 10% fetal 
bovine serum. The cells were placed in each well of a 
96-well microtiter plate to a density of 5x 1 0 3 cells per well. 
The cells w ere infected with HIV-1 vims at a multiplicity of 
infection ( M( )1 ) previously determined to produce maximal 
level of viral production at 6 davs post infection (MOI of 
0.01). 

Serial half-log dilutions of test compound were added to 
appropriate wells in triplicate to evaluate their ability to 
inhibit HIV-1 infection. AZT was used in parallel as a 
positive control. Following 6 days of incubation at 37° C, 
the presence and relatix e abundance of v iral p24 protein was 
determined by ELISAin cell-free supernatants derived from 
each well of the microtiter plate. The p24 ELISA kit was 
purchased from the AIDS Vaccine Program, NCI, FCRDC 
(Frederick, Md.) and the assay was performed according to 
the manufacturer's instructions. 

Most of the peptides in 'fable 1 showed some antiviral 
activity (data not shown). However, the peptides corre- 
sponding to the second and sixth transmembrane domains 
were the most potent in inhibition of HIV entry. The F-2-2 
compound completely inhibited infection at a 5 micromolar 
concentration (FIG. 1). 

Peptides corresponding to transmembrane domains of the 
cholecystokinin type A receptor (CCKAR) were used as 
negative controls and did not effect CXCR4 function, 
thereby confirming the specificity of the effect. 

The peptides showed no cell toxicity in concentrations up 
to 100 micromolar (higher concentrations could not be 
tested because of solubility problems). 

The ability of synthetic peptides to inhibit HIV-1 infection 
was additionally tested by cytoprotection assay using the 
highly cytopathic HIV-1 strain RF (Rice, et al. (1995) Adv. 
Pharmacol. 33:389.) ( fable 2). The most potent peptide. 
F-4-2, completely inhibited infection at 1 micromolar con- 
centration (FIG. 2). The peptides used as negative controls, 
which correspond to transmembrane domains of the chole- 
cystokinin receptor type A, did not effect chemokine recep- 
tors functions. 

The above results generally demonstrate the ability of 
externally added molecules to compete for interaction 
between transmembrane domains of < 1P( "Rs and thereby to 
disrupt receptor function (FIG. 3). In addition, it is important 
to note that the peptides of the invention inhibit HIV 
infection by targeting a cellular molecule and function rather 
than a viral molecule and function. Viral proteins have a 
relatively high mutation rate, which often allows viruses to 
become resistant to a given treatment. Because cellular 
proteins mutate at a far slower rate, the probability that a 
\ irus \\ ill be aide to develop a resistance is greatly reduced. 
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Example 



Example 3 shows that the peptides of the i 
partition to the plasma membrane and other membrane 
compartments. 

A fluorescent deri\ ati\ e of CXCR4 TM2. rhodamine-F-2, 
was synthesized by solid-phase synthesis on 432A Applied 
Biosystems Peptide Synthesi/er utilizing 1 moc amino acid 
derivatives. Rhodamine B (Fluka) was loaded onto the 
amino acid column of the instrument. The purity of the 

' peptide was assessed by reverse phase HPLC and the 
structures were confirmed by matrix-assisted laser desorp- 
tion mass spectrometry. 

A chimeric protein consisting of the CXCR4 and the 
green fluorescent protein (GFP) was used for studying 

; , receptor localization, internalization, and recycling in live 
cells in real time. This construct was made and stably 
expressed in HeLa cells as described in Tarasova et al. 
(1997), J. Biol. Chem. 272: 14817-14824. Fusion of the C 
terminus of the CXCR4 to the N terminus of the GFP did not 
appear to alter receptor ligand binding allinity. signal trans- 
duction, or the pattern of receptor surface expression and 
distribution. 

Transfected CXCR4-GFP-expressing HeLa cells were 
grown in coated 50 mm cover glass bottom dishes (MatTek, 
MA) in medium without phenol red. The cells were then 
5 exposed to 1 micromolar peptide in DMLM medium for 30 
min in a CO, -incubator. The distribution of fluorescent label 
was determined by confocal laser scanning microscopy on a 
Zeiss inverted LSM 410 laser scanning confocal micro- 
scope. Fluorescence of GFP was excited using a 488 nm 
j argon/krypton laser; emitted fluorescence was detected with 
515-540 nm bandpass filter. For rhodamine red a 568 nm 
helium/neon laser was used for excitation and fluorescence 
was detected with a 590-640 nm bandpass filter. 

The results demonstrated that the rhodaminated peptide 
' CXCR4-GFP and was 
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Example 4 shows that peptides corresponding to trans- 
membrane domains of the cholecystokinin type A receptor 
(CCKAR) inhibits agonist-evoked intracellular calcium 
release with a potency similar to CXCR4 compounds. 

To further illustrate the present invention, we have syn- 
thesized peptides derived from the transmembrane domains 
of the rat cholecystokinin receptor type A (CCKAR). 
Although C( KAR belongs to the same rhodopsin family of 
GPCRs as CSCR4, its sequence is only 15% identical to that 
of CXCR4. w hen aligned using the I Malign 2 program 
(Morgenstern, et al,. (1996) Proa Natl. Acad. Sci. USA 
93:12098) and the degree of identify in transmembrane 
regions is only 27 %. 

The activity of peptides from the CCKAR transmembrane 
domain were tested in transfected CHO cells that stably 
express rat CCKAR (Tarasova et al. (1997). ./. Biol. Cham 
272: 14817 14824). Sulfated cholecystokinin oetapeptide 
was the CCKAR agonist. Determination of intracellular 
calcium release was performed as described in example 1 
above. The results are shown in Table 4. 

None of CCKAR-derived peptides served as antagonists 
of chemokine receptors and none could inhibit HIV-1 infec- 
tion. The activity of the antagonists in inhibiting signaling 
through the receptor was compared to the ability to prevent 
agonist binding (Table 4). Inhibition of signaling was 
es I in CC1 e 1 n i llul a il a i Ic isc i 
FURA-2/AM treated CHO cells stably transfected with rat 
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CCKAR (Tarasova. et al. (1997)./. Biol. Chem. 272:14817). 
Inhibition ol' ligand binding was measured \\ ith the use nl'a 
fluorescent agonist, rhodamine green CCK-8 (RG-CCK-8) 
and quantitative conloeal laser scanning microscopy (Tara- 
sova, et al. (1997) J. Biol. Chem. 272:14817). Peptides : 
derived from the first, second, and sixth transmembrane 
domains inhibited CCK-induced signaling through the 
CCKAR receptor. Peptides derived from the first and the 
second transmembrane domains. ( '( 'KAR-1-1 and ('( 'KAR- 
2-1 . had comparable potencies w ilii respect to the inhibition 1 
of ligand signaling and binding. A peptide derived From the 
sixth domain, CCKAR-6-1, was active in inhibition of 
signaling, but had very low activity in inhibition of RG- 
CCK-8 binding. 

TABLE 4 

The activity of CCKAR-derived TM peptides in in- 
hibition of CCK-8 -induced intracellular calcium 

release and RG-CCK-8 binding. 2 
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TABLE 4-contirmed 



The activity of CCKAR-derived TM peptides 
hibition of CCK-8 -induced intracellular c 
release and RG-CCK-8 binding. 



!iR-TM-4-2 (#71) 



>5 0 fjK >50 juH 



signaling binding 



CCKAR- TM-6-4 (#77) 



5 fjM >50 fiM 



CCKAR- TM-1-6: 

DDEWQSALQILLYSIIFLLSVLGNTLVITV 
(SEQ ID NO:20) 



50 (JM 20 f/M IWLFFLCWMPIFSANAWRAYDTVDD 



<160> NUMBER OF SEQ ID NOS : 3 63 

<210> SEQ ID NO 1 

<211> LENGTH: 24 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: F-2-2 GPCR CXCR4 

<4 00> SEQUENCE: 1 



o Phe Trp Ala Val Asp Ala 



Asn Trp Tyr Phe Gly A 



<213> ORGANISM: Artificial Sequence 
<2 2 0 > FEATURE : 



<4 00> SEQUENCE: 



Leu Leu Phe Val lie Thr Leu Pro Phe Trp Ala Val Asp Ala Val Ala 
15 10 15 
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<210> SEQ ID NO 3 
<211> LENGTH: 23 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: F-4-2 GPCR CXCR4 
<400> SEQUENCE: 3 

Val Tyr Val Gly Val Trp He Pro Ala Leu Leu Leu Thr He Pro Asp 

15 10 15 

Phe He Phe Ala Asn Asp Asp 



<211> LENGTH : 21 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: F-6-1 GPCR CXCR4 
<400> SEQUENCE : 4 

Val He Leu He Leu Ala Phe Phe Ala Cys Trp Leu Pro Tyr Tyr He 

15 10 15 

Gly He Ser He Asp 

20 



<211> LENGTH: 20 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: F-7-3 GPCR CXCR4 

<221> NAME /KEY : MOD_RE S 

<222> LOCATION: (20). ..(20) 

<223> OTHER INFORMATION: Xaa = leucinamide 

<400> SEQUENCE: 5 

Asp Asp Glu Ala Leu Ala Phe Phe His Cys Cys Leu Asn Pro He Leu 

15 10 15 

Tyr Ala Phe Xaa 

20 



<211> LENGTH: 23 
<212> TYPE: PRT 

<221> NAME/KEY: MOD_RE S 
<222> LOCATION: (23). ..(23) 

<223> OTHER INFORMATION: Xaa = leucinamide 
<400> SEQUENCE: 6 

Asp Asp Ser He Thr Glu Ala Leu Ala Phe Phe His Cys Cys Leu Asn 
15 10 15 

Pro He Leu Tyr Ala Phe Xaa 

20 



<212> TYPE: PRT 
<220> FEATURE: 

<223> OTHER INFORMATION: CCR5-TM-2-2 GPCR CCR5 
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<400> SEQUENCE: 7 

Leu Phe Phe Leu Leu Thr Val Pro Phe Trp Ala His Tyr Ala Ala Ala 

15 10 15 

Gin Trp Asp Phe Gly Asp Asp 

20 



<211> LENGTH: 28 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR5-TM-4-1 GPCR CCR5 
<400> SEQUENCE: 8 

Phe Gly Val Val Thr Ser Val He Thr Trp Val Val Ala Val Phe Ala 

15 10 15 

Ser Leu Pro Gly He He Phe Thr Ser Ser Asp Asp 

20 25 



<211> LENGTH: 28 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR5-TM-6-1 GPCR CCR5 
<400> SEQUENCE: 9 

Leu He Phe Thr He Met He Val Tyr Phe Leu Phe Trp Ala Pro Tyr 
15 10 15 

Asn He Val Leu Leu Leu Asn Thr Phe Gin Glu Asp 

20 25 



<210> SEQ ID NO 10 
<211> LENGTH: 26 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCR5-TM-7-1 GPCR CCR5 
<400> SEQUENCE: 10 

Asp Asp Gin Ala Met Gin Val Thr Glu Thr Leu Gly Met Thr His Cys 
15 10 15 

Cys He Asn Pro He He Tyr Ala Phe Val 
20 25 



<210> SEQ ID NO 11 
<211> LENGTH: 23 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCR2-TM-2-1 GPCR CCR2 
<400> SEQUENCE: 11 

He Tyr Leu Leu Asn Leu Ala He Ser Asp Leu Leu Phe Leu He Thr 
15 10 15 

Leu Pro Leu Trp Ala Asp Asp 

20 



<223> OTHER INFORMATION: CCR2-TM-2-2 GPCR CCR2 
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<400> SEQUENCE: 12 

Leu Leu Phe Leu He Thr Leu Pro Leu Trp Ala His Ser Ala Ala Asn 

15 10 15 

Glu Trp Val Phe Gly Asn Asp Asp 

20 



<211> LENGTH: 26 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR2-TM-4-1 GPCR CCR2 
<400> SEQUENCE: 13 

Phe Gly Val Val Thr Ser Val He Thr Trp Leu Val Ala Val Phe Ala 

15 10 15 

Ser Val Pro Gly He He Phe Thr Asp Asp 

20 25 



<211> LENGTH: 28 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR2-TM-6-1 GPCR CCR2 
<400> SEQUENCE: 14 

Val He Phe Thr He Met He Val Tyr Phe Leu Phe Trp Thr Pro Tyr 
15 10 15 

Asn He Val He Leu Leu Asn Thr Phe Gin Glu Asp 

20 25 



<210> SEQ ID NO 15 
<211> LENGTH: 25 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCR2-TM-7-1 GPCR CCR2 
<400> SEQUENCE : 15 

Asp Asp Ala Thr Gin Val Thr Glu Thr Leu Gly Met Thr His Cys Cys 
15 10 15 

He Asn Pro He He Tyr Ala Phe Val 

20 25 



<210> SEQ ID NO 16 
<211> LENGTH: 25 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCR3-TM-2-1 GPCR CCR3 
<400> SEQUENCE: 16 

Leu Leu Phe Leu Val Thr Leu Pro Phe Trp He His Tyr Val Arg Gly 
15 10 15 

His Asn Trp Val Phe Gly Asp Asp Asp 
20 25 



<210> SEQ ID NO 17 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: CCR3-TM-4-1 GPCR CCR3 
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<400> SEQUENCE: 17 

Phe Gly Val He Thr Ser He Val Thr Trp Gly Leu Ala Val Leu Ala 

15 10 15 

Ala Leu Pro Glu Phe He Phe Tyr Glu Thr Glu Asp 
20 25 



<211> LENGTH: 28 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR3-TM-6-1 GPCR CCR3 
<400> SEQUENCE: 18 

He Phe Val He Met Ala Val Phe Phe He Phe Trp Thr Pro Tyr Asn 

15 10 15 

Val Ala He Leu Leu Ser Ser Tyr Gin Ser Asp Asp 

20 25 



<211> LENGTH: 26 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: CCR3-TM-7-1 GPCR CCR3 
<400> SEQUENCE: 19 

Asp Asp Leu Val Met Leu Val Thr Glu Val He Ala Tyr Ser His Cys 
15 10 15 

Cys Met Asn Pro Val He Tyr Ala Phe Val 

20 25 



<211> LENGTH : 30 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCKAR-TM-1-6 GPCR CCKAR 
<400> SEQUENCE: 20 

Asp Asp Glu Trp Gin Ser Ala Leu Gin He Leu Leu Tyr Ser He He 

15 10 15 

Phe Leu Leu Ser Val Leu Gly Asn Thr Leu Val He Thr Val 

20 25 30 



<211> LENGTH: 22 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCKAR-TM-2-1 GPCR CCKAR 
<400> SEQUENCE: 21 

Phe Leu Leu Ser Leu Ala Val Ser Asp Leu Met Leu Cys Leu Phe Cys 
15 10 15 

Met Pro Phe Asn Leu Pro 
20 



<210> SEQ ID NO 22 

<211> LENGTH: 24 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: CCKAR-TM-2-2 GPCR CCKAR 
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<400> SEQUENCE: 22 

Phe Leu Leu Ser Leu Ala Val Ser Asp Leu Met Leu Cys Leu Phe Cys 
15 10 15 

Met Pro Phe Asn Leu lie Asp Asp 
20 




<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE: 23 

He Val Val Leu Phe Phe Leu Cys Trp Met Pro He Phe Ser Ala Asn 

15 10 15 

Ala Trp Arg Ala Tyr Asp Thr Val Asp Asp 

20 25 



<211> LENGTH : 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GPCRAelegans GPCR TM1 
<4 00> SEQUENCE: 2 4 

15 10 15 

Phe Met Val Gly Ala Val Ala Leu Val Ala Asn Leu Val Val Ala Leu 

20 25 30 

Val Leu Leu Thr Ser Gin Arg Arg Leu Asn Val 

35 40 




<400> SEQUENCE: 25 

Asn Leu Pro Thr Leu Thr Leu Ser Gly Lys He Arg Val Thr Val Thr 

15 10 15 

Phe Phe Leu Phe Leu Leu Ser Ala Thr Phe Asn Ala Ser Phe Leu Leu 

20 25 30 

Lys Leu Gin Lys Trp Thr Gin Lys Lys Glu Lys Gly Lys Lys Leu Ser 
35 40 45 

50 
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<400> SEQUENCE: 26 

Arg Ala Val Val Ala Leu Glu Tyr Gin Val Val Thr lie Leu Leu Val 

15 10 15 

Leu He He Cys Gly Leu Gly He Val Gly Asn He Met Val Val Leu 

20 25 30 

Val Val Met Arg Thr Lys His Met Arg Thr Pro 

<210> SEQ ID NO 27 
<211> LENGTH: 43 
<212> TYPE: PRT 

<220> FEATURE: 
<400> SEQUENCE: 27 

Asn Pro Cys Glu Asp He Met Gly Tyr Asn He Leu Arg Val Leu He 

15 10 15 

Trp Phe He Ser He Leu Ala He Thr Gly Asn He He Val Leu Val 

20 25 30 

He Leu Thr Thr Ser Gin Tyr Lys Leu Thr Val 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: TSHprec GPCR TM1 
<400> SEQUENCE: 28 

Asn Pro Cys Glu Asp He Met Gly Tyr Lys Phe Leu Arg He Val Val 
15 10 15 

Trp Phe Val Ser Leu Leu Ala Leu Leu Gly Asn Val Phe Val Leu Leu 

20 25 30 

He Leu Leu Thr Ser His Tyr Lys Leu Asn Val 
35 40 




<400> SEQUENCE: 29 

Asn Pro Cys Glu Asp He Met Gly Tyr Asp Phe Leu Arg Val Leu He 
15 10 15 



Trp Leu He Asn He Leu Ala He Met Gly Asn Met Thr Val Leu Phe 

20 25 30 



Val Leu Leu Thr Ser Arg Tyr Lys Leu Thr Val 
35 40 
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00> SEQUENCE: 30 

o Asn Thr Ser Ala Val Pro Pro Ser Gly Ala Ser Pro Ala Leu Pro 

5 10 15 

e Phe Ser Met Thr Leu Gly Ala Val Ser Asn Leu Leu Ala Leu Ala 

u Leu Ala Gin Ala Ala Gly Arg Leu Arg Arg Arg Arg Ser Ala Thr 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 



<400> SEQUENCE: 31 

Ser Ala Ser Leu Ser Pro Asp Arg Leu Asn Ser Pro Val 1 

1 5 10 

Ala Val Met Phe He Phe Gly Val Val Gly Asn Leu Val A 

20 25 3 

Val Leu Cys Lys Ser Arg Lys Glu Gin Lys Glu Thr Thr 



<210> SEQ ID NO 32 
<211> LENGTH : 45 

<213> ORGANISM : Artificial Sequence 
<223> OTHER INFORMATION : PGE_EP3 GPCR TM1 
<400> SEQUENCE : 32 

Gin Trp Leu Pro Pro Gly Glu Ser Pro Ala He Ser Ser Val Met Phe 

1 5 10 15 

Ser Ala Gly Val Leu Gly Asn Leu He Ala Leu Ala Leu Leu Ala Arg 

20 25 30 

Arg Trp Arg Ser Ala Gly Arg Arg Ser Ser Leu Ser Leu 
35 40 45 



<210> SEQ ID NO 33 




<400> SEQUENCE: 33 

Ser Asn Thr Thr Cys Gin Thr Glu Asn Arg Leu Ser Val Phe Phe Ser 

15 10 15 

Val He Phe Met Thr Val Gly He Leu Ser Asn Ser Leu Ala He Ala 

20 25 30 

He Leu Met Lys Ala Tyr Gin Arg Phe Arg Gin Lys Ser Lys Ala Ser 
35 40 45 
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<400> SEQUENCE: 34 

Cys Arg Asn Leu Thr Tyr Val Arg Gly Ser Val Gly Pro Ala Thr Ser 
15 10 15 

Thr Leu Met Phe Val Ala Gly Val Val Gly Asn Gly Leu Ala Leu Gly 

20 25 30 

He Leu Ser Ala Arg Arg Pro Ala Arg Pro Ser Ala 



<210> SEQ ID NO 35 

<211> LENGTH: 47 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Seqv 

<220> FEATURE: 



<400> SEQUENCE: 35 

Asn He Thr Leu Glu Glu Arg Arg Leu He Ala Ser Pro Trp Phe Ala 

15 10 15 

Ala Ser Phe Cys Val Val Gly Leu Ala Ser Asn Leu Leu Ala Leu Ser 

20 25 30 

Val Leu Ala Gly Ala Arg Gin Gly Gly Ser His Thr Arg Ser Ser 

35 40 45 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : PAF GPCR TM1 
<400> SEQUENCE: 36 

His Met Asp Ser Glu Phe Arg Tyr Thr Leu Phe Pro He Val Tyr Ser 
15 10 15 

He He Phe Val Leu Gly Val He Ala Asn Gly Tyr Val Leu Trp Val 

20 25 30 

Phe Ala Arg Leu Tyr Pro Cys Lys Lys Phe Asn Glu He Lys 
35 40 45 




<400> SEQUENCE: 37 

Tyr Lys Thr Phe Glu Val Val Phe He Val Leu Val Ala Gly Ser Leu 
15 10 15 

Ser Leu Val Thr He He Gly Asn He Leu Val Met Val Ser He Lys 

20 25 30 

Val Asn Arg His Leu Gin Thr Val 
35 40 
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<400> SEQUENCE: 38 

His Asn Arg Tyr Glu Thr Val Glu Met Val Phe lie Ala Thr Val Thr 

15 10 15 

20 25 30 

Ser He Lys Val Asn Arg Gin Leu Gin Thr Val 

<210> SEQ ID NO 39 
<211> LENGTH: 41 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Ml GPCR TM1 
<400> SEQUENCE: 39 

Gly Lys Gly Pro Trp Gin Val Ala Phe He Gly He Thr Thr Gly Leu 

15 10 15 

Leu Ser Leu Ala Thr Val Thr Gly Asn Leu Leu Val Leu He Ser Phe 

20 25 30 

Lys Val Asn Thr Glu Leu Lys Thr Val 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : M3 GPCR TM1 
<400> SEQUENCE: 40 

Leu Gly Gly His Thr Val Trp Gin Val Val Phe He Ala Phe Leu Thr 

15 10 15 

Gly He Leu Ala Leu Val Thr He He Gly Asn He Leu Val He Val 

20 25 30 

Ser Phe Lys Val Asn Lys Gin Leu Lys Thr Val 
35 40 



<210> SEQ ID NO 41 




<400> SEQUENCE: 41 

Leu Glu Arg His Arg Leu Trp Glu Val He Thr He Ala Ala Val Thr 

15 10 15 



Ala Val Val Ser Leu He Thr He Val Gly Asn Val Leu Val Met He 

20 25 30 



Ser Phe Lys Val Asn Ser Gin Leu Lys Thr Val 
35 40 
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<400> SEQUENCE: 42 

Lys Thr Thr Met Ala Ser Pro Gin Leu Met E 

1 5 10 

Ser Thr He Cys Leu Val Thr Val Gly Leu * 
Ala Val Arg Ser Glu Arg Lys Leu His Thr V 



<210> SEQ ID NO 43 

<211> LENGTH: 43 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> ot: 



<400> SEQUENCE: 43 

Phe Cys Leu Asp Ser Thr Ala Cys Lys He Thr He Thr Val Val Leu 

15 10 15 

Ala Val Leu He Leu He Thr Val Ala Gly Asn Val Val Val Cys Leu 

20 25 30 

Ala Val Gly Leu Asn Arg Arg Leu Arg Asn Leu 



<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1A GPCR TM1 
<400> SEQUENCE: 44 

He Ser Asp Val Thr Val Ser Tyr Gin Val He Thr Ser Leu Leu Leu 

15 10 15 

Gly Thr Leu He Phe Cys Ala Val Leu Gly Asn Ala Cys Val Val Ala 

20 25 30 

Ala He Ala Leu Glu Arg Ser Leu Gin Asn Val 
35 40 




<400> SEQUENCE: 45 

Gin Asp Ser He Ser Leu Pro Trp Lys Val Leu Leu Val Met Leu Leu 
15 10 15 

Ala Leu He Thr Leu Ala Thr Thr Leu Ser Asn Ala Phe Val He Ala 

20 25 30 

Thr Val Tyr Arg Thr Arg Lys Leu His Thr Pro 
35 40 
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<400> SEQUENCE: 46 

Asp Pro Arg Thr Leu Gin Ala Leu Lys He Ser 



<210> SEQ ID NO 47 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1E GPCR TM1 
<400> SEQUENCE: 47 

He Arg Pro Lys Thr He Thr Glu Lys Met Leu He Cys Met Thr Leu 

15 10 15 

Val Val He Thr Thr Leu Thr Thr Leu Leu Asn Leu Ala Val He Met 

20 25 30 

Ala He Gly Thr Thr Lys Lys Leu His Gin Pro 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1F GPCR TM1 
<400> SEQUENCE: 48 

Glu Leu Leu Asn Arg Met Pro Ser Lys He Leu Val Ser Leu Thr Leu 

15 10 15 

Ser Gly Leu Ala Leu Met Thr Thr Thr He Asn Ser Leu Val He Ala 

20 25 30 

Ala He He Val Thr Arg Lys Leu His His Pro 
35 40 



<210> SEQ ID NO 49 
<211> LENGTH: 37 
<212> TYPE: PRT 




<400> SEQUENCE: 49 

Gin Glu Lys Asn Trp Ser Ala Leu Leu Thr Ala Val Val He He Leu 

15 10 15 

Thr He Ala Gly Asn He Leu Val He Met Ala Val Ser Leu Glu Lys 

20 25 30 
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» SEQUENCE: 5 0 

7a 1 Glu Glu Gin Gly Asn Lys Leu His Trp Ala Ala Leu Leu He 

5 10 15 

"let Val He He Pro Thr He Gly Gly Asn Thr Leu Val He Leu 

20 25 30 

7a 1 Ser Leu Glu Lys Lys Leu Gin Tyr Ala 



<210> SEQ ID NO 51 

<211> LENGTH: 35 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Seque 

<220> FEATURE: 



<400> SEQUENCE : 51 

Gin Asn Trp Pro Ala Leu Ser He Val He He He He Met Thr He 

15 10 15 

Gly Gly Asn He Leu Val He Met Ala Val Ser Met Glu Lys Lys Leu 

20 25 30 



<210> SEQ ID NO 52 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT5A GPCR TM1 
<400> SEQUENCE: 52 

Ser Ser Pro Leu Leu Ser Val Phe Gly Val Leu He Leu Thr Leu Leu 

15 10 15 

Gly Phe Leu Val Ala Ala Thr Phe Ala Trp Asn Leu Leu Val Leu Ala 

20 25 30 

Thr He Leu Arg Val Arg Thr Phe His Arg Val 
35 40 




<400> SEQUENCE: 53 

Arg Glu Pro Pro Phe Ser Ala Phe Thr Val Leu Val Val Thr Leu Leu 

15 10 15 

Val Leu Leu He Ala Ala Thr Phe Leu Trp Asn Leu Leu Val Leu Val 

20 25 30 

Thr He Leu Arg Val Arg Ala Phe His Arg Val 
35 40 
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<400> SEQUENCE: 54 

Gly Pro Pro Pro Ala Pro Gly Gly Ser Gly Trp Val Ala Ala Ala Leu 
15 10 15 

Cys Val Val He Val Leu Thr Ala Ala Ala Asn Ser Leu Leu He Val 

20 25 30 

Leu He Cys Thr Gin Pro Ala Val Arg Asn Thr 

<210> SEQ ID NO 55 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT7 GPCR TM1 
<400> SEQUENCE: 55 

Gin He Asn Tyr Gly Arg Val Glu Lys Val Val He Gly Ser He Leu 

15 10 15 

Thr Leu He Thr Leu Leu Thr He Ala Gly Asn Cys Leu Val Val He 

20 25 30 

Ser Val Cys Phe Val Lys Lys Leu Arg Gin Pro 



<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alphalA GPCR TM1 
<400> SEQUENCE: 56 

Gly Gly Leu Val Val Ser Ala Gin Gly Val Gly Val Gly Val Phe Leu 

15 10 15 

Ala Ala Phe He Leu Met Ala Val Ala Gly Asn Leu Leu Val He Leu 

20 25 30 

Ser Val Ala Cys Asn Arg His Leu Gin Thr Val 
35 40 



<211> LENGTH: 41 
<212> TYPE: PRT 

<223> OTHER INFORMATION: alphalB GPCR TM1 
<400> SEQUENCE: 57 

Gin Leu Asp He Thr Arg Ala He Ser Val Gly Leu Val Leu Gly Ala 

Phe He Leu Phe Ala He Val Gly Asn He Leu Val He Leu Ser Val 

20 25 30 

Ala Cys Asn Arg His Leu Arg Thr Pro 
35 40 
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<400> SEQUENCE: 58 

Pro Ala Pro Val Asn He Ser Lys Ala He Leu Leu Gly Val He Leu 

15 10 15 

Gly Gly Leu He Leu Phe Gly Val Leu Cys Asn He Leu Val He Leu 

20 25 30 



<210> SEQ ID NO 59 
<211> LENGTH: 40 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alpha2A GPCR TM1 
<400> SEQUENCE: 59 

Tyr Ser Leu Gin Val Thr Leu Thr Leu Val Cys Leu Ala Gly Leu Leu 

15 10 15 

Met Leu Leu Thr Val Phe Gly Asn Val Leu Val He He Ala Val Phe 

20 25 30 

Thr Ser Arg Ala Leu Lys Ala Pro 

35 40 



<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alpha2B GPCR TM1 
<400> SEQUENCE: 60 

Gin Asp Pro Tyr Ser Val Gin Ala Thr Ala Ala He Ala Ala Ala He 
15 10 15 

Thr Phe Leu He Leu Phe Thr He Phe Gly Asn Ala Leu Val He Leu 

20 25 30 

Ala Val Leu Thr Ser Arg Ser Leu Arg Ala Pro 
35 40 



<210> SEQ ID NO 61 




<223> OTHER INFORMATION: alpha2Cl and alpha2C2 GPCR TM1 
<400> SEQUENCE: 61 

Arg Gly Gin Tyr Ser Ala Gly Ala Val Ala Gly Leu Ala Ala Val Val 
15 10 15 



Gly Phe Leu He Val Phe Thr Val Val Gly Asn Val Leu Val Val He 

20 25 30 



Ala Val Leu Thr Ser Arg Ala Leu Arg Ala Pro 
35 40 




US 7,105,488 Bl 



<400> SEQUENCE: 62 

Glu Pro Leu Ser Gin Gin Trp Thr Ala Gly Met Gly L 



Leu He Val Leu Leu He Val Ala Gly Asn Val Leu Val He Val Ala 

20 25 30 

He Ala Lys Thr Pro Arg Leu Gin Thr Leu 

<210> SEQ ID NO 63 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: beta2 GPCR TM1 
<400> SEQUENCE: 63 

Gin Gin Arg Asp Glu Val Trp Val Val Gly Met Gly He Val Met Ser 

15 10 15 

Leu He Val Leu Ala He Val Phe Gly Asn Val Leu Val He Thr Ala 

20 25 30 

He Ala Lys Phe Glu Arg Leu Gin Thr Val 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: beta3 GPCR TM1 
<400> SEQUENCE: 64 

Gly Leu Pro Gly Val Pro Trp Glu Ala Ala Leu Ala Gly Ala Leu Leu 

15 10 15 

Ala Leu Ala Val Leu Ala Thr Val Gly Gly Asn Leu Leu Val He Val 

20 25 30 

Ala He Ala Trp Thr Pro Arg Leu Gin Thr Met 

35 40 




<400> SEQUENCE: 65 

Ser Trp Ala Ala Val Leu Ser Arg Gin Trp Ala Val Gly Ala Ala Leu 

15 10 15 

Ser He Thr He Leu Val He Val Ala Gly Asn Leu Leu Val He Val 

20 25 30 

Ala He Ala Lys Thr Pro Arg Leu Gin Thr Met 
35 40 
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<400> SEQUENCE: 66 

Val Val Glu Arg Asp Phe Ser Val Arg He Leu Thr Ala Cys Phe Leu 
15 10 15 

Ser Leu Leu He Leu Ser Thr Leu Leu Gly Asn Thr Leu Val Cys Ala 

20 25 30 

Ala Val He Arg Phe Arg His Leu Arg Ser Lys Val 

<210> SEQ ID NO 67 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: D2 GPCR TM1 
<400> SEQUENCE: 67 

Asp Gly Lys Ala Asp Arg Pro His Tyr Asn Tyr Tyr Ala Thr Leu Leu 

15 10 15 

Thr Leu Leu He Ala Val He Val Phe Gly Asn Val Leu Val Cys Met 

20 25 30 

Ala Val Ser Arg Glu Lys Ala Leu Gin Thr Thr 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : D3 GPCR TM1 
<400> SEQUENCE: 68 

Thr Gly Ala Ser Gin Ala Arg Pro His Ala Tyr Tyr Ala Leu Ser Tyr 
15 10 15 

Cys Ala Leu He Leu Ala He Val Phe Gly Asn Gly Leu Val Cys Met 

20 25 30 

Ala Val Leu Lys Glu Arg Ala Leu Gin Thr Thr 
35 40 



<210> SEQ ID NO 69 
<211> LENGTH: 43 
<212> TYPE: PRT 




<400> SEQUENCE: 69 

Ala Ser Ala Gly Leu Ala Gly Gin Gly Ala Ala Ala Leu Val Gly Gly 
15 10 15 

Val Leu Leu He Gly Ala Val Leu Ala Gly Asn Ser Leu Val Cys Val 

20 25 30 

Ser Val Ala Thr Glu Arg Ala Leu Gin Thr Pro 
35 40 
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<400> SEQUENCE: 70 

Gly Ala Pro Pro Leu Gly Pro Ser Gin Val Val Thr Ala Cys Leu Leu 
15 10 15 

Thr Leu Leu He He Trp Thr Leu Leu Gly Asn Val Leu Val Cys Ala 

20 25 30 

Ala He Val Arg Ser Arg His Leu Arg Ala Asn Met 

<210> SEQ ID NO 71 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Al GPCR TM1 
<400> SEQUENCE : 71 

Met Pro Pro Ser He Ser Ala Phe Gin Ala Ala Tyr He Gly He Glu 

15 10 15 

Val Leu He Ala Leu Val Ser Val Pro Gly Asn Val Leu Val He Trp 



Ala Val Lys Val Asn Gin Ala Leu Arg Asp Ala 

35 40 



<210> SEQ ID NO 72 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : A2a GPCR TM1 
<400> SEQUENCE: 72 

Met Pro He Met Gly Ser Ser Val Tyr He Thr Val Glu Leu Ala He 
15 10 15 

Ala Val Leu Ala He Leu Gly Asn Val Leu Val Cys Trp Ala Val Trp 

20 25 30 

Leu Asn Ser Asn Leu Gin Asn Val 
35 40 



<210> SEQ ID NO 73 




<400> SEQUENCE: 73 

Met Leu Leu Glu Thr Gin Asp Ala Leu Tyr Val Ala Leu Glu Leu Val 

15 10 15 

He Ala Ala Leu Ser Val Ala Gly Asn Val Leu Val Cys Ala Ala Val 

20 25 30 

Gly Thr Ala Asn Thr Leu Gin Thr Pro 
35 40 
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<400> SEQUENCE: 7 4 

Asn Ser Thr Thr Leu Ser Leu Ala Asn Val Thr Tyr lie Thr Met Glu 

15 10 15 

He Phe He Gly Leu Cys Ala He Val Gly Asn Val Leu Val He Cys 

20 25 30 

Val Val Lys Leu Asn Pro Ser Leu Gin Thr Thr 



<210> SEQ ID NO 75 

<211> LENGTH: 42 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 



<400> SEQUENCE: 75 

Leu Ala Val Pro Glu Trp Glu Ala Leu Leu Thr 2 

1 5 10 

Val He He Val Leu Thr He He Gly Asn He I 

20 25 

Val Phe Thr Tyr Lys Pro Leu Arg He Val 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : ACTH GPCR TM1 
<400> SEQUENCE: 76 

Arg Asn Asn Ser Asp Cys Pro Arg Val Val Leu Pro Glu Glu He Phe 

15 10 15 

Phe Thr He Ser He Val Gly Val Leu Glu Asn Leu He Val Leu Leu 

20 25 30 

Ala Val Phe Lys Asn Lys Asn Leu Gin Ala Pro 
35 40 




<400> SEQUENCE: 77 

Gin Thr Gly Ala Arg Cys Leu Glu Val Ser He Ser Asp Gly Leu Phe 
15 10 15 



Leu Ser Leu Gly Leu Val Ser Leu Val Glu Asn Ala Leu Val Val Ala 

20 25 30 

Thr He Ala Lys Asn Arg Asn Leu His Ser Pro 
35 40 
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<400> SEQUENCE: 78 

Ser Ser Ser Ala Phe Cys Glu Gin Val Phe He Lys Pro Glu He Phe 

15 10 15 

Leu Ser Leu Gly He Val Ser Leu Leu Glu Asn He Leu Val He Leu 

20 25 30 

Ala Val Val Arg Asn Gly Asn Leu His Ser Pro 

<210> SEQ ID NO 79 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MC4 GPCR TM1 
<400> SEQUENCE : 79 

Ser Asp Gly Gly Cys Tyr Glu Gin Leu Phe Val Ser Pro Glu Val Phe 

15 10 15 

Val Thr Leu Gly Val He Ser Leu Leu Glu Asn He Leu Val He Val 

20 25 30 

Ala He Ala Lys Asn Lys Asn Leu His Ser Pro 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MC5 GPCR TM1 
<400> SEQUENCE: 80 

Asn Lys Ser Ser Pro Cys Glu Asp Met Gly He Ala Val Glu Val Phe 
15 10 15 

Leu Thr Leu Gly Val He Ser Leu Leu Glu Asn He Leu Val He Gly 

20 25 30 

Ala He Val Lys Asn Lys Asn Leu His Ser Pro 
35 40 



<210> SEQ ID NO 81 




<400> SEQUENCE: 81 

Asp Gly Ala Arg Pro Ser Trp Leu Ala Ser Ala Leu Ala Cys Val Leu 
15 10 15 



He Phe Thr He Val Val Asp He Leu Gly Asn Leu Leu Val He Leu 

20 25 30 



Ser Val Tyr Arg Asn Lys Lys Leu Arg Asn Ala 
35 40 
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<400> SEQUENCE: 82 

Arg Arg Asn Glu Ala Leu Ala Arg Val Glu Val Ala Val Leu Cys Leu 

15 10 15 

He Leu Leu Leu Ala Leu Ser Gly Asn Ala Cys Val Leu Leu Ala Leu 

20 25 30 

Arg Thr Thr Arg Gin Lys His Ser Arg 

<210> SEQ ID NO 83 
<211> LENGTH: 43 
<212> TYPE: PRT 

<220> FEATURE: 
<400> SEQUENCE : 83 

Phe His Gly Val Asp Glu Asp Leu Leu Lys He Glu He Ala Val Gin 

15 10 15 

Ala Thr He Leu Tyr Met Thr Leu Phe Gly Asn Gly He Val Leu Leu 

20 25 30 

Val Leu Arg Leu Arg Arg Gin Lys Leu Thr Arg 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: VIA GPCR TM1 
<400> SEQUENCE: 84 

Arg Asp Val Arg Asn Glu Glu Leu Ala Lys Leu Glu He Ala Val Leu 
15 10 15 

Ala Val Thr Phe Ala Val Ala Val Leu Gly Asn Ser Ser Val Leu Leu 

20 25 30 

Ala Leu His Arg Thr Pro Arg Lys Thr Ser Arg 
35 40 




<400> SEQUENCE: 85 

Trp Leu Gly Arg Asp Glu Glu Leu Ala Lys Val Glu He Gly Val Leu 
15 10 15 



Ala Thr Val Leu Val Leu Ala Thr Gly Gly Asn Leu Ala Val Leu Leu 

20 25 30 



Thr Leu Gly Gin Leu Gly Arg Lys Arg Ser Arg 
35 40 
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<400> SEQUENCE: 86 

Leu Asp Thr Arg Asp Pro Leu Leu Ala Arg Ala Glu Leu Ala Leu Leu 
15 10 15 

Ser He Val Phe Val Ala Val Ala Leu Ser Asn Gly Leu Val Leu Ala 

20 25 30 

Ala Leu Ala Arg Arg Gly Arg Arg Gly His Trp Ala Pro 

<210> SEQ ID NO 87 
<211> LENGTH: 43 
<212> TYPE: PRT 

<220> FEATURE: 
<400> SEQUENCE: 87 

Pro Arg Pro Ser Lys Glu Trp Gin Pro Ala Val Gin He Leu Leu Tyr 

15 10 15 

Ser Leu He Phe Leu Leu Ser Val Leu Gly Asn Thr Leu Val He Thr 

20 25 30 

Val Leu He Arg Asn Lys Arg Met Arg Thr Val 



<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCK_B GPCR TM1 
<400> SEQUENCE: 88 

Gly Ala Gly Thr Arg Glu Leu Glu Leu Ala He Arg He Thr Leu Tyr 

15 10 15 

Ala Val He Phe Leu Met Ser Val Gly Gly Asn Met Leu He He Val 

20 25 30 

Val Leu Gly Leu Ser Arg Arg Leu Arg Thr Val 
35 40 



<210> SEQ ID NO 89 




<400> SEQUENCE: 89 

Asp Cys His Leu Pro Leu Ala Met He Phe Thr Leu Ala Leu Ala Tyr 
15 10 15 

Gly Ala Val He He Leu Gly Val Ser Gly Asn Leu Ala Leu He He 

20 25 30 

He He Leu Lys Gin Lys Glu Met Arg Asn Val 
35 40 
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<400> SEQUENCE: 90 

Asp Val Asn Thr Asp He Tyr Ser Lys Val Leu Val Thr Ala Val Tyr 
15 10 15 

Leu Ala Leu Phe Val Val Gly Thr Val Gly Asn Thr Val Thr Ala Phe 
Thr Leu Ala Arg Lys Lys Ser Leu Gin Ser Leu Gin Ser Thr 

<210> SEQ ID NO 91 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: NK1 GPCR TM1 
<400> SEQUENCE: 91 

Gin Phe Val Gin Pro Ala Trp Gin He Val Leu Trp Ala Ala Ala Tyr 

15 10 15 

Thr Val He Val Val Thr Ser Val Val Gly Asn Val Val Val Met Trp 

20 25 30 

He He Leu Ala His Lys Arg Met Arg Thr Val 



<210> SEQ ID NO 92 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : NK2 GPCR TM1 
<400> SEQUENCE: 92 

Ala Phe Ser Met Pro Ser Trp Gin Leu Ala Leu Trp Ala Pro Ala Tyr 

15 10 15 

Leu Ala Leu Val Leu Val Ala Val Thr Gly Asn Ala He Val He Trp 

20 25 30 

He He Leu Ala His Arg Arg Met Arg Thr Val 
35 40 



<210> SEQ ID NO 93 




<400> SEQUENCE: 93 

Gin Phe Val Gin Pro Ser Trp Arg He Ala Leu Trp Ser Leu Ala Tyr 

15 10 15 

Gly Val Val Val Ala Val Ala Val Leu Gly Asn Leu He Val He Trp 

20 25 30 

He He Leu Ala His Lys Arg Met Arg Thr Val 
35 40 
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<400> SEQUENCE: 94 

Tyr His He Ala Pro Val Trp Ala Phe Tyr Leu Gin Ala Ala Phe Met 
15 10 15 

Gly Thr Val Phe Leu He Gly Phe Pro Leu Asn Ala Met Val Leu Val 

20 25 30 

Ala Thr Leu Arg Tyr Lys Lys Leu Arg Gin Pro 

<210> SEQ ID NO 95 
<211> LENGTH: 43 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: greenops GPCR TM1 
<400> SEQUENCE: 95 

Tyr His He Ala Pro Arg Trp Val Tyr His Leu Thr Ser Val Trp Met 

15 10 15 

He Phe Val Val He Ala Ser Val Phe Thr Asn Gly Leu Val Leu Ala 

20 25 30 

Ala Thr Met Lys Phe Lys Lys Leu Arg His Pro 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: redops GPCR TM1 
<400> SEQUENCE: 96 

Tyr His He Ala Pro Arg Trp Val Tyr His Leu Thr Ser Val Trp Met 
15 10 15 

He Phe Val Val Thr Ala Ser Val Phe Thr Asn Gly Leu Val Leu Ala 

20 25 30 

Ala Thr Met Lys Phe Lys Lys Leu Arg His Pro 
35 40 




<223> OTHER INFORMATION: rhodopsin GPCR TM1 
<400> SEQUENCE: 97 

Tyr Tyr Leu Ala Glu Pro Trp Gin Phe Ser Met Leu Ala Ala Tyr Met 
15 10 15 

Phe Leu Leu He Val Leu Gly Phe Pro He Asn Phe Leu Thr Leu Tyr 

20 25 30 

Val Thr Val Gin His Lys Lys Leu Arg Thr Pro 
35 40 
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<400> SEQUENCE: 98 

Tyr His He Ala Pro Pro Trp Ala Phe Tyr Leu Gin Thr Ala Phe Met 
15 10 15 

Gly He Val Phe Ala Val Gly Thr Pro Leu Asn Ala Val Val Leu Trp 

20 25 30 

Val Thr Val Arg Tyr Lys Arg Leu Arg Gin Pro 

<210> SEQ ID NO 99 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: opsin_crab GPCR TM1 
<400> SEQUENCE : 99 

Phe Pro Pro Met Asn Pro Leu Trp Tyr Ser He Leu Gly Val Ala Met 

15 10 15 

He He Leu Gly He He Cys Val Leu Gly Asn Gly Met Val He Tyr 

20 25 30 

Leu Met Met Thr Thr Lys Ser Leu Arg Thr Pro 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: ET_Aprec GPCR TM1 
<400> SEQUENCE: 100 

Gin Thr Lys He Thr Ser Ala Phe Lys Tyr He Asn Thr Val He Ser 

15 10 15 

Cys Thr He Phe He Val Gly Met Val Gly Asn Ala Thr Leu Leu Arg 

20 25 30 

He He Tyr Gin Asn Lys Cys Met Arg Asn Gly 
35 40 



<210> SEQ ID NO 101 




<400> SEQUENCE: 101 

Pro He Glu He Lys Glu Thr Phe Lys Tyr He Asn Thr Val Val Ser 
15 10 15 

Cys Leu Val Phe Val Leu Gly He He Gly Asn Ser Thr Leu Leu Arg 

20 25 30 

He He Tyr Lys Asn Lys Cys Met Arg Asn Gly 
35 40 



<223> OTHER INFORMATION: ET_Cfrog G 
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<400> SEQUENCE: 102 

Arg Ala Lys He Arg His Ala Phe Lys Tyr Val Thr Thr He Leu Ser 
15 10 15 

Cys Val He Phe Leu Val Gly He Val Gly Asn Ser Thr Leu Leu Arg 

20 25 30 

He He Tyr Lys Asn Lys Cys Met Arg Asn Gly 

<210> SEQ ID NO 103 
<211> LENGTH: 45 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE : 103 

Pro Leu Phe Gly He Gly Val Glu Asn Phe Val Thr Leu Val Val Phe 

15 10 15 

Gly Leu He Phe Ala Leu Gly Val Leu Gly Asn Ser Leu Val He Thr 

20 25 30 

Val Leu Ala Arg Ser Lys Pro Gly Lys Pro Arg Ser Thr 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: NMB GPCR TM1 
<400> SEQUENCE: 104 

Gly Thr Thr Thr Glu Leu Val He Arg Cys Val He Pro Ser Leu Tyr 

15 10 15 

Leu Leu He He Thr Val Gly Leu Leu Gly Asn He Met Leu Val Lys 

20 25 30 

He Phe He Thr Asn Ser Ala Met Arg Ser Val 
35 40 



<210> SEQ ID NO 105 




<400> SEQUENCE: 105 

Asp Asp Trp Ser His Pro Gly He Leu Tyr Val He Pro Ala Val Tyr 
15 10 15 



Gly Val He He Leu He Gly Leu He Gly Asn He Thr Leu He Lys 

20 25 30 



He Phe Cys Thr Val Lys Ser Met Arg Asn Val 
35 40 
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<400> SEQUENCE: 106 

Asp Asn Ser Pro Gly He Glu Ala Leu Cys Ala He Tyr He Thr Tyr 
15 10 15 

Ala Val He He Ser Val Gly He Leu Gly Asn Ala He Leu He Lys 



Val Phe Phe Lys Thr Lys Ser Met Gin Thr Val 



<210> SEQ ID NO 107 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: deltaOP GPCR TM1 
<400> SEQUENCE : 107 

Gly Ser Ala Ser Ser Leu Ala Leu Ala He Ala He Thr Ala Leu Tyr 

15 10 15 

Ser Ala Val Cys Ala Val Gly Leu Leu Gly Asn Val Leu Val Met Phe 

20 25 30 

Gly He Val Arg Tyr Thr Lys Met Lys Thr Ala 

35 40 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: kappaOP GPCR TM1 
<400> SEQUENCE : 108 

Pro Ala His He Ser Pro Ala He Pro Val He He Thr Ala Val Tyr 

15 10 15 

Ser Val Val Phe Val Val Gly Leu Val Gly Asn Ser Leu Val Met Phe 

20 25 30 

Val He He Arg Tyr Thr Lys Met Lys Thr Ala 

35 40 



<210> SEQ ID NO 109 
<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 109 

Gly Ser Pro Ser Met He Thr Ala He Thr He Met Ala Leu Tyr Ser 

15 10 15 

He Val Cys Val Val Gly Leu Phe Gly Asn Phe Leu Val Met Tyr Val 
20 25 30 

He Val Arg Tyr Thr Lys Met Lys Thr Ala 
35 40 
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<400> SEQUENCE: 110 

Gly Ala Phe Leu Pro Leu Gly Leu Lys Val Thr lie Val Gly Leu Tyr 
15 10 15 

Leu Ala Val Cys Val Gly Gly Leu Leu Gly Asn Cys Leu Val Met Tyr 

20 25 30 

Val He Leu Arg His Thr Lys Met Lys Thr Ala 

<210> SEQ ID NO 111 
<211> LENGTH: 44 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CB1 GPCR TM1 
<400> SEQUENCE : 111 

Phe Met Val Leu Asn Pro Ser Gin Gin Leu Ala He Ala Val Leu Ser 

15 10 15 

Leu Thr Leu Gly Thr Phe Thr Val Leu Glu Asn Leu Leu Val Leu Cys 

20 25 30 

Val He Leu His Ser Arg Ser Leu Arg Cys Arg Pro 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CB2 GPCR TM1 
<400> SEQUENCE: 112 

Tyr Met He Leu Ser Gly Pro Gin Lys Thr Ala Val Ala Val Leu Cys 
15 10 15 

Thr Leu Leu Gly Leu Leu Ser Ala Leu Glu Asn Val Ala Val Leu Tyr 

20 25 30 

Leu He Leu Ser Ser His Gin Leu Arg Arg Lys Pro 
35 40 



<210> SEQ ID NO 113 




<400> SEQUENCE: 113 

Thr Leu Ser Glu Gly Gin Gly Ser Ala He Leu He Ser Phe He Tyr 

15 10 15 

Ser Val Val Cys Leu Val Gly Leu Cys Gly Asn Ser Met Val He Tyr 

20 25 30 

Val He Leu Arg Tyr Ala Lys Met Lys Thr Ala 
35 40 
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<400> SEQUENCE: 114 

Glu Pro Tyr Tyr Asp Leu Thr Ser Asn Ala Val Leu Thr Phe He Tyr 
15 10 15 

Phe Val Val Cys He He Gly Leu Cys Gly Asn Thr Leu Val He Tyr 
20 25 30 

Val He Leu Arg Tyr Ala Lys Met Lys Thr He 

<210> SEQ ID NO 115 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE : 115 

Ser Pro Ala Gly Leu Ala Val Ser Gly Val Leu He Pro Leu Val Tyr 

15 10 15 

Leu Val Val Cys Val Val Gly Leu Leu Gly Asn Ser Leu Val He Tyr 

20 25 30 

Val Val Leu Arg His Thr Ala Ser Pro Ser Val 



<210> SEQ ID NO 116 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : SSTR4 GPCR TM1 
<400> SEQUENCE: 116 

Gly Asp Ala Arg Ala Ala Gly Met Val Ala He Gin Cys He Tyr Ala 

15 10 15 

Leu Val Cys Leu Val Gly Leu Val Gly Asn Ala Leu Val He Phe Val 

20 25 30 

He Leu Arg Tyr Ala Lys Met Lys Thr Ala 

35 40 




<400> SEQUENCE: 117 

Pro Ala Pro Ser Ala Gly Ala Arg Ala Val Leu Val Pro Val Leu Tyr 

15 10 15 

Leu Leu Val Cys Ala Ala Gly Leu Gly Gly Asn Thr Leu Val He Tyr 

20 25 30 

Val Val Leu Arg Phe Ala Lys Met Lys Thr Val 
35 40 
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<400> SEQUENCE: 118 

Met Leu Glu Thr Glu Thr Leu Asn Lys Tyr Val Val lie He Ala Tyr 
15 10 15 

20 25 Y 30 

Val He Leu Tyr Ser Arg Val Gly Arg Ser Val 

<210> SEQ ID NO 119 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: IL8B GPCR TM1 
<400> SEQUENCE : 119 

Glu Pro Glu Ser Leu Glu He Asn Lys Tyr Phe Val Val He He Tyr 

15 10 15 

20 25 30 

Val He Leu Tyr Ser Arg Val Gly Arg Ser Val 



<210> SEQ ID NO 120 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : ATI AND ATlbrat GPCR TM1 
<400> SEQUENCE: 120 

Lys Ala Gly Arg His Asn Tyr He Phe Val Met He Pro Thr Leu Tyr 
15 10 15 

Ser He He Phe Val Val Gly He Phe Gly Asn Ser Leu Val Val He 

20 25 30 

Val He Tyr Phe Tyr Met Lys Leu Lys Thr Val 
35 40 



<210> SEQ ID NO 121 
<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 121 

Gin Lys Pro Ser Asp Lys His Leu Asp Ala He Pro He Leu Tyr Tyr 
15 10 15 

He He Phe Val He Gly Phe Leu Val Asn He Val Val Val Thr Leu 

20 25 30 

Phe Cys Cys Gin Lys Gly Pro Lys Lys Val 
35 40 
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<400> SEQUENCE: 122 

Ala Pro Glu Ala Trp Asp Leu Leu His Arg Val Leu Pro Thr Phe He 

15 10 15 

He Ser He Cys Phe Phe Gly Leu Leu Gly Asn Leu Phe Val Leu Leu 



<210> SEQ ID NO 123 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: BK2 GPCR TM1 
<400> SEQUENCE : 123 

Gin Val Glu Trp Leu Gly Trp Leu Asn Thr He Gin Pro Pro Phe Leu 

15 10 15 

Trp Val Leu Phe Val Leu Ala Thr Leu Glu Asn He Phe Val Leu Ser 

20 25 30 

Val Phe Cys Leu His Lys Ser Ser Cys Thr Val 



<210> SEQ ID NO 124 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: P2Y7 GPCR TM1 
<400> SEQUENCE: 124 

Pro Ser Leu Gly Val Glu Phe He Ser Leu Leu Ala He He Leu Leu 

15 10 15 

Ser Val Ala Leu Ala Val Gly Leu Pro Gly Asn Ser Phe Val Val Trp 

20 25 30 

Ser He Leu Lys Arg Met Gin Lys Arg Ser Val 
35 40 



<210> SEQ ID NO 125 




<400> SEQUENCE: 125 

Cys Val Tyr Arg Glu Asp Phe Lys Arg Leu Leu Leu Pro Pro Val Tyr 
15 10 15 



Ser Val Val Leu Val Val Gly Leu Pro Leu Asn Val Cys Val He Ala 

20 25 30 



Gin He Cys Ala Ser Arg Arg Thr Leu Thr Arg 
35 40 
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<400> SEQUENCE: 126 

Cys Ser Thr Glu Asp Ser Phe Lys Tyr Thr Leu Tyr Gly Cys Val Phe 
15 10 15 

Ser Met Val Phe Val Leu Gly Leu He Ala Asn Cys Val Ala He Tyr 

20 25 30 

He Phe Thr Phe Thr Leu Lys Val Arg Asn Glu 

<210> SEQ ID NO 127 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: P2Y4 GPCR TM1 
<400> SEQUENCE : 127 

Cys Trp Phe Asp Glu Asp Phe Lys Phe He Leu Leu Pro Val Ser Tyr 

15 10 15 

Ala Val Val Phe Val Leu Gly Leu Gly Leu Asn Ala Pro Thr Leu Trp 



u Phe He Phe Arg Leu Arg Pro Trp Asp Ala 
35 40 



<210> SEQ ID NO 128 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : P2Y3chick GPCR TM1 
<400> SEQUENCE: 128 

Cys Thr Phe His Glu Glu Phe Lys Gin Val Leu Leu Pro Leu Val Tyr 

15 10 15 

Ser Val Val Phe Leu Leu Gly Leu Pro Leu Asn Ala Val Val He Gly 

20 25 30 

Gin He Trp Leu Ala Arg Lys Ala Leu Thr Arg 
35 40 



<210> SEQ ID NO 129 




<400> SEQUENCE: 129 

Cys Arg Phe Asn Glu Asp Phe Lys Tyr Val Leu Leu Pro Val Ser Tyr 
15 10 15 

Gly Val Val Cys Val Leu Gly Leu Cys Leu Asn Ala Val Gly Leu Tyr 
20 25 30 

He Phe Leu Cys Arg Leu Lys Thr Trp Asn Ala 
35 40 
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<400> SEQUENCE: 130 

Ala Leu Thr Lys Thr Gly Phe Gin Phe Tyr Tyr Leu Pro Ala Val Tyr 
15 10 15 

He Leu Val Phe He He Gly Phe Leu Gly Asn Ser Val Ala He Trp 

20 25 30 

Met Phe Val Phe His Met Lys Pro Trp Ser Gly 



<210> SEQ ID NO 131 
<211> LENGTH: 43 
<212> TYPE: PRT 

<220> FEATURE: 
<400> SEQUENCE : 131 

Gly Tyr Leu Thr Ser Ser Trp Leu Thr Leu Phe Val Pro Ser Val Tyr 

15 10 15 

Thr Gly Val Phe Val Val Ser Leu Pro Leu Asn He Met Ala He Val 

20 25 30 

Val Phe He Leu Lys Met Lys Val Lys Lys Pro 

35 40 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: C5a GPCR TM1 
<400> SEQUENCE: 132 

Thr Ser Asn Thr Leu Arg Val Pro Asp He Leu Ala Leu Val He Phe 

15 10 15 

Ala Val Val Phe Leu Val Gly Val Leu Gly Asn Ala Leu Val Val Trp 

20 25 30 

Val Thr Ala Phe Glu Ala Lys Arg Thr He 

35 40 



<210> SEQ ID NO 133 




<400> SEQUENCE: 133 

Ala Glu Ser Glu Pro Glu Leu Val Val Asn Pro Trp Asp He Val Leu 

15 10 15 

Cys Ser Ser Gly Thr Leu He Cys Cys Glu Asn Ala Val Val Val Leu 

20 25 30 

He He Phe His Ser Pro Ser Leu Arg Ala Pro 
35 40 
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Val Glu Ser Glu Pro Glu Leu Val Val Asn Pro Trp Asp He Val Leu 

15 10 15 

Cys Ser Ser Gly Thr Leu He Cys Cys Glu Asn Ala Val Val Val Leu 
20 25 30 

He He Phe His Ser Pro Ser Leu Arg Ala Pro 

<210> SEQ ID NO 135 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GP21mouse GPCR TM1 
<400> SEQUENCE: 135 

Gly Pro Ala Thr Leu Leu Pro Ser Pro Arg Ala Trp Asp Val Val Leu 

15 10 15 

Cys He Ser Gly Thr Leu Val Ser Cys Glu Asn Ala Leu Val Val Ala 

20 25 30 

He He Val Gly Thr Pro Ala Phe Arg Ala Pro 



<210> SEQ ID NO 136 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : GCRCmouse GPCR TM1 
<400> SEQUENCE : 136 

Ala Glu Ser Gin Asn Pro Thr Val Lys Ala Leu Leu He Val Ala Tyr 

15 10 15 

Ser Phe Thr He Val Phe Ser Leu Phe Gly Asn Val Leu Val Cys His 

20 25 30 

Val He Phe Lys Asn Gin Arg Met His Ser Ala 
35 40 




<400> SEQUENCE: 137 

Gin Pro Pro Trp Ala Val Ala Leu Trp Ser Leu Ala Tyr Gly Ala Val 
15 10 15 

Val Ala Val Ala Val Leu Gly Asn Leu Val Val He Trp He Val Leu 

20 25 30 

Ala His Lys Arg Met Arg Thr Val 
35 40 
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<400> SEQUENCE: 138 

Met Glu Leu Asn Glu Asn Thr Lys Gin Val Val Leu Phe Val Phe Tyr 

15 10 15 

Leu Ala He Phe Val Val Gly Leu Val Glu Asn Val Leu Val He Cys 

20 25 30 

Val Asn Cys Arg Arg Ser Gly Arg Val Gly Met 

<210> SEQ ID NO 139 
<211> LENGTH: 44 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: RDC1 GPCR TM1 
<400> SEQUENCE : 139 

Asn Met Pro Asn Lys Ser Val Leu Leu Tyr Thr Leu Ser Phe He Tyr 

15 10 15 

He Phe He Phe Val He Gly Met He Ala Asn Ser Val Val Val Trp 

20 25 30 

Val Asn He Gin Ala Lys Thr Thr Gly Tyr Asp Thr 



<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: BLR1 GPCR TM1 
<400> SEQUENCE: 140 

Met Ala Ser Phe Lys Ala Val Phe Val Pro Val Ala Tyr Ser Leu He 
15 10 15 

Phe Leu Leu Gly Val He Gly Asn Val Leu Val Leu Val He Leu Glu 

20 25 30 

Arg His Arg Gin Thr Arg Ser Ser Thr Glu 
35 40 



<210> SEQ ID NO 141 




<400> SEQUENCE: 141 

Arg Glu Glu Asn Ala Asn Phe Asn Lys He Phe Leu Pro Thr He Tyr 
15 10 15 

Ser He He Phe Leu Thr Gly He Val Gly Asn Gly Leu Val He Leu 

20 25 30 

Val Met Gly Tyr Gin Lys Lys Leu Arg Ser Met Thr Asp Lys Tyr Arg 
35 40 45 
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<400> SEQUENCE: 142 

Lys Lys Asp Val Arg Asn Phe Lys Ala Trp Phe Leu Pro He Met 
15 10 15 

Ser He He Cys Phe Val Gly Leu Leu Gly Asn Gly Leu Val Val 
Thr Tyr He Tyr Phe Lys Arg Leu Lys Thr Met Thr Asp Thr Tyr 

<210> SEQ ID NO 143 
<211> LENGTH: 47 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: RBSlrat GPCR TM1 
<400> SEQUENCE : 143 

Leu Gly Asp He Val Ala Phe Gly Thr He Phe Leu Ser He Phe 

15 10 15 

Ser Leu Val Phe Thr Phe Gly Leu Val Gly Asn Leu Leu Val Val 

20 25 30 

Ala Leu Thr Asn Ser Arg Lys Ser Lys Ser He Thr Asp He Tyr 



<211> LENGTH : 47 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : EBI2 GPCR TM1 
<400> SEQUENCE: 144 

Leu Tyr Ala His His Ser Thr Ala Arg He Val Met Pro Leu His Tyr 

15 10 15 

Ser Leu Val Phe He He Gly Leu Val Gly Asn Leu Leu Ala Leu Val 

20 25 30 

Val He Val Gin Asn Arg Lys Lys He Asn Ser Thr Thr Leu Tyr 
35 40 45 




<223> OTHER INFORMATION: GCRTchick GPCR TM1 
<400> SEQUENCE: 145 

Cys Ser Thr Glu Asp Ser Phe Lys Tyr Thr Leu Tyr Gly Cys Val Phe 
15 10 15 

Ser Met Val Phe Val Leu Gly Leu He Ala Asn Cys Val Ala He Tyr 

20 25 30 

He Phe Thr Phe Thr Leu Lys Val Arg Asn Glu Thr Thr Thr Tyr 
35 40 45 
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<400> SEQUENCE: 146 

Glu Tyr Thr Asp Trp Lys Ser Ser Gly Ala Leu lie Pro Ala He Tyr 
15 10 15 

Met Leu Val Phe Leu Leu Gly Thr Thr Gly Asn Gly Leu Val Leu Trp 
Thr Val Phe Arg Ser Ser Arg Glu Lys Arg Arg Ser Ala Asp 

<210> SEQ ID NO 147 
<211> LENGTH: 42 
<212> TYPE: PRT 

<220> FEATURE: 

<223> OTHER INFORMATION: RTArat GPCR TM1 
<400> SEQUENCE : 147 

Glu Gin He Ala Thr Leu Pro Pro Pro Ala Val Thr Asn Tyr He Phe 

15 10 15 

Leu Leu Leu Cys Leu Cys Gly Leu Val Gly Asn Gly Leu Val Leu Trp 

20 25 30 

Phe Phe Gly Phe Ser He Lys Arg Thr Pro 



<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: UHRrat GPCR TM1 
<400> SEQUENCE : 148 

Ser Leu Gin Leu Val His Gin Leu Lys Gly Leu He Val Met Leu Tyr 

15 10 15 

Ser He Val Val Val Val Gly Leu Val Gly Asn Cys Leu Leu Val Leu 

20 25 30 

Val He Ala Arg Val Arg Arg Leu His Asn Val 
35 40 



<210> SEQ ID NO 149 
<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 149 

Glu Pro Ala Gly His Thr Val Leu Trp He Phe Ser Leu Leu Val His 

15 10 15 

Gly Val Thr Phe Val Phe Gly Val Leu Gly Asn Gly Leu Val He Trp 

20 25 30 

Val Ala Gly Phe Arg Met Thr Arg Thr Val 
35 40 
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<400> SEQUENCE: 150 

Glu Ser Ala Gly Tyr Thr Val Leu Arg He Leu Pro Leu Val Val Leu 
15 10 15 

Gly Val Thr Phe Val Leu Gly Val Leu Gly Asn Gly Leu Val He Trp 

20 25 30 

Val Ala Gly Phe Arg Met Thr Arg Thr Val 

<210> SEQ ID NO 151 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE : 151 

Val Ser Ala Gly Tyr Leu Phe Leu Asp He He Thr Tyr Leu Val Phe 

15 10 15 

Ala Val Thr Phe Val Leu Gly Val Leu Gly Asn Gly Leu Val He Trp 

20 25 30 

Val Ala Gly Phe Arg Met Thr His Thr Val 



<210> SEQ ID NO 152 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFlcatfish GPCR TM1 
<400> SEQUENCE: 152 

Asn Gly Phe Tyr Asn He Pro His Thr Lys Tyr Tyr Tyr Ala Phe Leu 
15 10 15 

Cys He Ala Tyr Ala Val Thr Val Leu Gly Asn Ser Phe He Met Cys 

20 25 30 

Thr He Tyr Leu Ala Arg Ser Leu His Thr Ala 

35 40 



<210> SEQ ID NO 153 




<223> OTHER INFORMATION: OLF3catfish GPCR TM1 
<400> SEQUENCE: 153 

Thr Gly Leu Tyr Asn He Pro His Ala Lys Tyr Tyr Tyr Leu Phe Leu 
15 10 15 

Cys Phe Val Tyr Thr Val Thr Phe Leu Gly Asn Ser Phe He Met Gly 

20 25 30 

Thr He Tyr Leu Ala Arg Ser Leu His Thr Ala 
35 40 



<223> OTHER INFORMATION: OLF8catfish GPCR T 
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<400> SEQUENCE: 154 

Gly Phe His Asp Leu Gly Glu Trp Gly Pro He Leu Ser He Pro Tyr 
15 10 15 



<400> SEQUENCE: 155 

Ser Gly Phe Ser Gly He Pro Phe Ser Gin Tyr Tyr Phe Ala Phe I 

15 10 15 

He Phe He Tyr He He Ser Leu Cys Gly Asn Ser He Val Leu I 

20 25 30 

Met He Leu Val Asp Arg Thr Leu His He Pro 



<210> SEQ ID NO 156 
<211> LENGTH: 43 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF32Bcatf ish, OLF32Ccatf ish AND OLF32Dcatf ish 
GPCR TM1 

<400> SEQUENCE: 156 

Ser Gly Phe Ser Gly He Pro Phe Ser Gin Tyr Tyr Phe Val Phe Leu 
15 10 15 

He Phe He Tyr He He Ser Leu Cys Gly Asn Ser He Val Leu Phe 

20 25 30 

Met He Leu Val Asp Arg Thr Leu His He Pro 
35 40 



<210> SEQ ID NO 157 




<400> SEQUENCE: 157 

He Ala Tyr Asn Ser Leu Gly Asn Lys Asn Tyr Leu He Leu Ala Leu 
15 10 15 

Gly He He Tyr Leu He Thr Leu Leu Cys Asn Phe Thr Leu Leu Ala 

20 25 30 

He He Leu Met Asn Ser Ser Leu Gin Asn Pro 
35 40 



<223> OTHER INFORMATION: OLF202catf ish G 
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<400> SEQUENCE: 158 

Phe Pro Gly Leu Pro Pro Asn Tyr Tyr Gly Leu Val Ser Val Val Met 
15 10 15 

Phe Phe Val Tyr Val Cys Thr Leu He Gly Asn Cys Thr Phe Phe Thr 

20 25 30 

Leu Phe Leu Arg Glu Lys Ser Leu Gin Lys Pro 



<210> SEQ ID NO 159 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFCOR1 chicken GPCR TM1 
<400> SEQUENCE : 159 

Leu Thr Asp Asn Pro Gly Leu Gin Met Pro Leu Phe Met Val Phe Leu 

15 10 15 

Ala He Tyr Thr He Thr Leu Leu Thr Asn Leu Gly Leu He Ala Leu 

20 25 30 

He Ser Val Asp Leu His Leu Gin Thr Pro 

35 40 



<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFCOR2 chicken GPCR TM1 
<400> SEQUENCE: 160 

Leu Thr Asp Asn Pro Arg Leu Gin Met Pro Leu Phe Met Val Phe Leu 

15 10 15 

Val He Tyr Thr Thr Thr Leu Leu Thr Asn Leu Gly Leu He Ala Leu 

20 25 30 

He Gly Met Asp Leu His Leu Gin Thr Pro 
35 40 



<210> SEQ ID NO 161 
<211> LENGTH: 42 
<212> TYPE: PRT 

<223> OTHER INFORMATION: OLFCOR3 chicken AND OLFCOR4 chicken GPCR TM1 
<400> SEQUENCE: 161 

Leu Thr Asp Asn Pro Gly Leu Gin Met Pro Leu Phe Met Val Phe Leu 

15 10 15 

Ala He Tyr Thr He Thr Leu Leu Thr Asn Leu Gly Leu He Arg Leu 

20 25 30 

He Ser Val Asp Leu His Leu Gin Thr Pro 
35 40 
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<400> SEQUENCE: 162 

Leu Thr Asp Asn Pro Arg Leu Gin Met Pro Leu Phe Met Val Phe Leu 

15 10 15 

Ala He Tyr Thr He Thr Leu Leu Ala Asn Leu Gly Leu He Ala Leu 

20 25 30 

He Ser Val Asp Phe His Leu Gin Thr Pro 



<210> SEQ ID NO 163 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFCOR6 chicken GPCR TM1 
<400> SEQUENCE : 163 

Leu Thr Asp Asn Pro Gly Leu Gin Met Pro Leu Phe Met Val Phe Leu 

15 10 15 

Ala He Tyr Thr He Thr Leu Leu Thr Asn Leu Gly Leu He Ala Leu 

20 25 30 

He Arg He Asp Leu Gin Leu Gin Thr Pro 

35 40 



<210> SEQ ID NO 164 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFdog GPCR TM1 
<400> SEQUENCE: 164 

Leu Pro He Asp Pro Asp Gin Arg Asp Leu Phe Tyr Ala Leu Phe Leu 
15 10 15 

Ala Met Tyr Val Thr Thr He Leu Gly Asn Leu Leu He He Val Leu 

20 25 30 

He Gin Leu Asp Ser His Leu His Thr Pro 
35 40 



<210> SEQ ID NO 165 
<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 165 

Met Ser Glu Ser Pro Glu Gin Gin Gin He Leu Phe Trp Met Phe Leu 

15 10 15 

Ser Met Tyr Leu Val Thr Val Val Gly Asn Val Leu He He Leu Ala 

20 25 30 

He Ser Ser Asp Ser Arg Leu His Thr Pro 
35 40 
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» SEQUENCE: 166 

Pro He Gin Pro Glu Gin Gin Asn Leu Cys Tyr Ala Leu P 

5 10 1 

"let Tyr Leu Thr Thr Leu Leu Gly Asn Leu Leu He He V 



<210> SEQ ID NO 167 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF07J GPCR TM1 
<400> SEQUENCE : 167 

Phe Ser Ser Phe His Glu Gin Gin He Thr Leu Phe Gly Val I 

15 10 1 

Ala Leu Tyr He Leu Thr Leu Ala Gly Asn He He He Val 1 

20 25 30 

He Arg He Asp Leu His Leu His Thr Pro 



<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFOR3mouse GPCR TM1 
<400> SEQUENCE: 168 

Val Ser Asp His Pro His Leu Glu He He Phe Phe Ala Val He Leu 

15 10 15 

Ala Ser Tyr Leu Leu Thr Leu Val Gly Asn Leu Thr He He Leu Leu 

20 25 30 

Ser Arg Leu Asp Ala Arg Leu His Thr Pro 
35 40 



<210> SEQ ID NO 169 
<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 169 

Leu Thr Lys Gin Pro Glu Leu Leu Leu Pro Leu Phe Phe Leu Phe Leu 

15 10 15 

Val He Tyr Val Leu Thr Val Val Gly Asn Leu Gly Met He Leu Leu 
20 25 30 
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<400> SEQUENCE: 170 

Phe Val Glu Asn Lys Asp Leu Gin Pro Leu He Tyr Gly Leu Phe Leu 
15 10 15 

Ser Met Tyr Leu Val Thr Val He Gly Asn He Ser He He Val Ala 

20 25 30 



<210> SEQ ID NO 171 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE: 171 

Leu Ser Arg Gin Pro Gin Gin Gin Gin Leu Leu Phe Leu Leu Phe Leu 

15 10 15 

He Met Tyr Leu Ala Thr Val Leu Gly Asn Leu Leu He He Leu Ala 

20 25 30 

He Gly Thr Asp Ser Arg Leu His Thr Pro 
35 40 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFF6rat GPCR TM1 
<400> SEQUENCE: 172 

Phe Pro Gly Pro Arg Ser Met Arg He Gly Leu Phe Leu Leu Phe Leu 

15 10 15 

Val Met Tyr Leu Leu Thr Val Val Gly Asn Leu Ala He He Ser Leu 

20 25 30 

Val Gly Ala His Arg Cys Leu Gin Thr Pro 
35 40 



<211> LENGTH: 42 
<212> TYPE: PRT 




<400> SEQUENCE: 173 

Phe Thr Glu Asn Pro Gin Leu His Phe Leu He Phe Ala Leu Phe Leu 

15 10 15 

Ser Met Tyr Leu Val Thr Val Leu Gly Asn Leu Leu He He Met Ala 

20 25 30 

He He Thr Gin Ser His Leu His Thr Pro 
35 40 
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<400> SEQUENCE: 174 

Leu Pro He Pro Glu Glu His Gin His Leu Phe Tyr Ala Leu Phe Leu 

15 10 15 

Val Met Tyr Leu Thr Thr He Leu Gly Asn Leu Leu He He Val Leu 

20 25 30 



<210> SEQ ID NO 175 




<223> OTHER INFORMATION: OLFI7rat GPCR TM1 
<221> NAME /KEY : MOD_RE S 
<222> LOCATION: (18). ..(18) 

<223> OTHER INFORMATION: Xaa = unknown amino acid 
<400> SEQUENCE : 175 

Phe Pro Ala Pro Ala Pro Leu Arg Val Leu Leu Phe Phe Leu Ser Leu 

15 10 15 

Leu Xaa Tyr Val Leu Val Leu Thr Glu Asn Met Leu He He He Ala 

20 25 30 

He Arg Asn His Pro Thr Leu His Lys Pro 

35 40 



<210> SEQ ID NO 176 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI8rat GPCR TM1 
<400> SEQUENCE: 176 

Leu Pro He Pro Pro Glu His Gin Gin Leu Phe Phe Ala Leu Phe Leu 

15 10 15 

He Met Tyr Leu Thr Thr Phe Leu Gly Asn Leu Leu He Val Val Leu 

20 25 30 




<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE: 177 

Leu Pro Phe Pro Pro Glu Tyr Gin His Leu Phe Tyr Ala Leu Phe Leu 

15 10 15 

Ala Met Tyr Leu Thr Thr Leu Leu Gly Asn Leu He He He He Leu 

20 25 30 



<223> OTHER INFORMATION: OLFI14r£ 
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» SEQUENCE: 178 

Pro He Pro Ser Glu Tyr His Leu Leu Phe Tyr Ala 



<210> SEQ ID NO 179 
<211> LENGTH: 42 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI15rat GPCR TM1 
<400> SEQUENCE : 179 

Leu Pro He Pro Ser Glu His Gin His Val Phe Tyr Ala Leu Phe Leu 

15 10 15 

Ser Met Tyr Leu Thr Thr Val Leu Gly Asn Leu He He He He Leu 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFOR17_40 GPCR TM1 
<400> SEQUENCE: 180 

Leu Leu Glu Ala Pro Gly Leu Gin Pro Val Val Phe Val Leu Phe Leu 

15 10 15 

Phe Ala Tyr Leu Val Thr Val Arg Gly Asn Leu Ser He Leu Ala Ala 

20 25 30 

Val Leu Val Glu Pro Lys Leu His Thr Pro 
35 40 



<210> SEQ ID NO 181 
<211> LENGTH: 39 
<212> TYPE: PRT 




<400> SEQUENCE: 181 

Met He Leu Asn Cys Asn Pro Phe Ser Gly Leu Phe Leu Ser Met Tyr 
15 10 15 

Leu Val Thr Val Leu Gly Asn Leu Leu He He Leu Ala Val Ser Ser 

20 25 30 
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<400> SEQUENCE: 182 

Pro Thr Gly Phe Gly Glu Leu Glu Val Leu Ala Val Gly Met Val Leu 

15 10 15 

Leu Val Glu Ala Leu Ser Gly Leu Ser Leu Asn Thr Leu Thr He Phe 

20 25 30 

Ser Phe Cys Lys Thr Pro Glu Leu Arg Thr Pro 

<210> SEQ ID NO 183 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HHRF1 GPCR TM1 
<400> SEQUENCE: 183 

Phe Thr Asp Val Leu Asn Gin Ser Lys Pro Val Thr Leu Phe Leu Tyr 

15 10 15 

Gly Val Val Phe Leu Phe Gly Ser He Gly Asn Phe Leu Val He Phe 

20 25 30 

Thr He Thr Trp Arg Arg Arg He Gin Cys Ser 



<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : HHRF2 GPCR TM1 
<400> SEQUENCE: 184 

Asn Ser Thr Glu He Tyr Gin Leu Phe Glu Tyr Thr Arg Leu Gly Val 
15 10 15 

Trp Leu Met Cys He Val Gly Thr Phe Leu Asn Val Leu Val He Thr 

20 25 30 

Thr He Leu Tyr Tyr Arg Arg Lys Lys Lys Ser Pro 
35 40 



<210> SEQ ID NO 185 
<211> LENGTH: 45 
<212> TYPE: PRT 




<400> SEQUENCE: 185 

Met Thr Gly Pro Leu Phe Ala He Arg Thr Thr Glu Ala Val Leu Asn 

15 10 15 

Thr Phe He He Phe Val Gly Gly Pro Leu Asn Ala He Val Leu He 

20 25 30 

Thr Gin Leu Leu Thr Asn Arg Val Leu Gly Tyr Ser Thr 
35 40 45 
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<400> SEQUENCE: 186 

Asp Val Lys Gin He Gly Ala Gin Leu Leu Pro Pro Leu Tyr Ser Leu 
15 10 15 

Val Phe He Phe Gly Phe Val Gly Asn Met Leu Val Val Leu He Leu 

20 25 30 

He Asn Cys Lys Lys Leu Lys Cys Leu 
<400> SEQUENCE: 187 

Glu Val Arg Lys Phe Ala Lys Val Phe Leu Pro Ala Phe Phe Thr He 

15 10 15 

Ala Phe He He Gly Leu Ala Gly Asn Ser Thr Val Val Ala He Tyr 

20 25 30 

Ala Tyr Tyr Lys Lys Arg Arg Thr Lys 



<210> SEQ ID NO 188 
<211> LENGTH : 50 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GPCRAelegans GPCR TM2 
<400> SEQUENCE: 188 

Thr Arg Phe Leu Met Cys Asn Leu Ala Phe Ala Asp Phe He Leu Gly 
15 10 15 

Leu Tyr He Phe He Leu Thr Ser Val Ser Ala Val Thr Arg Gly Asp 

20 25 30 

Tyr His Asn Tyr Val Gin Gin Trp Gin Asn Gly Ala Gly Cys Lys He 
35 40 45 

5Q Y 



<210> SEQ ID NO 189 




<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<400> SEQUENCE: 189 

Lys Leu Leu Leu Lys His Leu Thr Leu Ala Asn Leu Leu Glu Thr Leu 
15 10 15 

He Val Met Pro Leu Asp Gly Met Trp Asn He Thr Val Gin Trp Tyr 

20 25 30 

Ala Gly Glu Leu Leu Cys Lys Val Leu Ser 
35 40 
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<400> SEQUENCE: 190 

1 Y Y 5 10 15 

Val Ala Ala Gly Leu Pro Asn He Thr Asp Ser He Tyr Gly Ser Trp 
20 25 30 

Val Tyr Gly Tyr Val Gly Cys Leu Cys He Thr 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: FSHprec GPCR TM2 

<400> SEQUENCE: 191 

Pro Arg Phe Leu Met Cys Asn Leu Ala Phe Ala Asp Leu Cys He Gly 

1 5 10 15 

He Tyr Leu Leu Leu He Ala Ser Val Asp He His Thr Lys Ser Gin 

20 25 30 

Tyr His Asn Tyr Ala He Asp Trp Gin Thr Gly Ala Gly Cys Asp Ala 



Ala Gly 

50 



<210> SEQ ID NO 192 
<211> LENGTH : 50 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : TSHprec GPCR TM2 
<400> SEQUENCE: 192 

Pro Arg Phe Leu Met Cys Asn Leu Ala Phe Ala Asp Phe Cys Met Gly 

15 10 15 

Met Tyr Leu Leu Leu He Ala Ser Val Asp Leu Tyr Thr His Ser Glu 

20 25 30 

Tyr Tyr Asn His Ala He Asp Trp Gin Thr Gly Pro Gly Cys Asn Thr 
35 40 45 

Ala Gly 
50 



<211> LENGTH: 50 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: LH_CGprec GPCR TM2 
<400> SEQUENCE: 193 

Pro Arg Phe Leu Met Cys Asn Leu Ser Phe Ala Asp Phe Cys Met Gly 
15 10 15 

Leu Tyr Leu Leu Leu He Ala Ser Val Asp Ser Gin Thr Lys Gly Gin 
20 25 30 

Tyr Tyr Asn His Ala He Asp Trp Gin Thr Gly Ser Gly Cys Ser Thr 
35 40 45 



50 
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-continued 




<220> FEATURE: 

<223> OTHER INFORMATION: PGE_EP1 GPCR TM2 
<400> SEQUENCE: 194 

15 10 15 

Val He Pro Gly Ala Leu Val Leu Arg Leu Tyr Thr Ala Gly Arg Ala 

20 25 30 

Pro Ala Gly Gly Ala Cys His Phe Leu Gly 
35 40 



<210> SEQ ID NO 195 
<211> LENGTH : 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PGE_EP2 GPCR TM2 
<400> SEQUENCE : 195 

Phe Tyr Thr Leu Val Cys Gly Leu Ala Val Thr Asp Leu Leu Gly Thr 
15 10 15 

Leu Leu Val Ser Pro Val Thr He Ala Thr Tyr Met Lys Gly Gin Trp 

20 25 30 

Pro Gly Gly Gin Pro Leu Cys Glu Tyr Ser Thr 
35 40 



<210> SEQ ID NO 196 

<211> LENGTH: 47 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PGE_EP3 GPCR TM2 

<400> SEQUENCE : 196 

Phe His Val Leu Val Thr Glu Leu Val Phe Thr Asp Leu Leu Gly Thr 



Cys Leu He Ser Pro Val Val Leu Ala Ser Tyr Ala Arg Asn Gin Thr 

20 25 30 

Leu Val Ala Leu Ala Pro Glu Ser Arg Ala Cys Thr Tyr Phe Ala 
35 40 45 



<210> SEQ ID NO 197 
<211> LENGTH: 47 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PGF GPCR TM2 
<400> SEQUENCE: 197 

Phe Leu Leu Leu Ala Ser Gly Leu Val He Thr Asp Phe Phe Gly His 

15 10 15 

Leu He Asn Gly Ala He Ala Val Phe Val Tyr Ala Ser Asp Lys Glu 
20 25 30 

Trp He Arg Phe Asp Gin Ser Asn Val Leu Cys Ser He Phe Gly 
35 40 45 
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<220> FEATURE: 

<223> OTHER INFORMATION: PGI GPCR TM2 
<400> SEQUENCE: 198 

Phe Ala Val Leu Val Thr Gly Leu Ala Ala Thr Asp Leu Leu Gly Thr 

15 10 15 

Ser Phe Leu Ser Pro Ala Val Phe Val Ala Tyr Ala Arg Asn Ser Ser 

20 25 30 

Leu Leu Gly Leu Ala Arg Gly Gly Pro Ala Leu Cys Asp Ala Phe Ala 
35 40 45 



<210> SEQ ID NO 199 
<211> LENGTH: 47 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: TXA2 GPCR TM2 
<400> SEQUENCE : 199 

Phe Leu Thr Phe Leu Cys Gly Leu Val Leu Thr Asp Phe Leu Gly Leu 

15 10 15 

Leu Val Thr Gly Thr He Val Val Ser Gin His Ala Ala Leu Phe Glu 

20 25 30 

Trp His Ala Val Asp Pro Gly Cys Arg Leu Cys Arg Phe Met Gly 
35 40 45 



<210> SEQ ID NO 200 

<211> LENGTH: 41 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: PAF GPCR TM2 

<400> SEQUENCE: 200 

He Phe Met Val Asn Leu Thr Met Ala Asp Met Leu Phe Leu He Thr 



Leu Pro Leu Trp He Val Tyr Tyr Gin Asn Gin Gly Asn Trp He Leu 

20 25 30 

Pro Lys Phe Leu Cys Asn Val Ala Gly 
35 40 



<210> SEQ ID NO 201 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: M2 GPCR TM2 
<400> SEQUENCE: 201 

Asn Asn Tyr Phe Leu Phe Ser Leu Ala Cys Ala Asp Leu He He Gly 

15 10 15 

Val Phe Ser Met Asn Leu Tyr Thr Leu Tyr Thr Val He Gly Tyr Trp 
20 25 30 



Pro Leu Gly Pro Val Val Cys Asp Leu Trp Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: M4 GPCR TM2 
<400> SEQUENCE: 202 

Asn Asn Tyr Phe Leu Phe Ser Leu Ala Cys Ala Asp Leu He He Gly 

1 5 10 15 

Ala Phe Ser Met Asn Leu Tyr Thr Val Tyr He He Lys Gly Tyr Trp 

20 25 30 

Pro Leu Gly Ala Val Val Cys Asp Leu Trp Leu 
35 40 



<210> SEQ ID NO 203 
<211> LENGTH : 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Ml GPCR TM2 
<400> SEQUENCE : 203 

Asn Asn Tyr Phe Leu Leu Ser Leu Ala Cys Ala Asp Leu He He Gly 
15 10 15 

Thr Phe Ser Met Asn Leu Tyr Thr Thr Tyr Leu Leu Met Gly His Trp 

20 25 30 

Ala Leu Gly Thr Leu Ala Cys Asp Leu Trp Leu 

35 40 



<210> SEQ ID NO 204 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: M3 GPCR TM2 
<400> SEQUENCE: 204 

Asn Asn Tyr Phe Leu Leu Ser Leu Ala Cys Ala Asp Leu He He Gly 



Val He Ser Met Asn Leu Phe Thr Thr Tyr He He Met Asn Arg Trp 

20 25 30 

Ala Leu Gly Asn Leu Ala Cys Asp Leu Trp Leu 
35 40 



<210> SEQ ID NO 205 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: M5 GPCR TM2 
<400> SEQUENCE: 205 

Asn Asn Tyr Tyr Leu Leu Ser Leu Ala Cys Ala Asp Leu He He Gly 

15 10 15 

He Phe Ser Met Asn Leu Tyr Thr Thr Tyr He Leu Met Gly Arg Trp 
20 25 30 



Ala Leu Gly Ser Leu Ala Cys Asp Leu Trp Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: HI GPCR TM2 
<400> SEQUENCE: 206 

Gly Asn Leu Tyr He Val Ser Leu Ser Val Ala Asp Leu He Val Gly 

1 5 10 15 

Ala Val Val Met Pro Met Asn He Leu Tyr Leu Leu Met Ser Lys Trp 

20 25 30 

Ser Leu Gly Arg Pro Leu Cys Leu Phe Trp Leu 
35 40 



<210> SEQ ID NO 207 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: H2 GPCR TM2 
<400> SEQUENCE : 207 

Thr Asn Cys Phe He Val Ser Leu Ala He Thr Asp Leu Leu Leu Gly 
15 10 15 

Leu Leu Val Leu Pro Phe Ser Ala He Tyr Gin Leu Ser Cys Lys Trp 
20 25 30 

Ser Phe Gly Lys Val Phe Cys Asn He Tyr Thr 
35 40 



<210> SEQ ID NO 208 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1A GPCR TM2 
<400> SEQUENCE: 208 

Ala Asn Tyr Leu He Gly Ser Leu Ala Val Thr Asp Leu Met Val Ser 



Val Leu Val Leu Pro Met Ala Ala Leu Tyr Gin Val Leu Asn Lys Trp 

20 25 30 

Thr Leu Gly Gin Val Thr Cys Asp Leu Phe He 
35 40 



<210> SEQ ID NO 209 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1B GPCR TM2 
<400> SEQUENCE: 209 

Ala Asn Tyr Leu He Ala Ser Leu Ala Val Thr Asp Leu Leu Val Ser 

15 10 15 

He Leu Val Met Pro He Ser Thr Met Tyr Thr Val Thr Gly Arg Trp 
20 25 30 



Thr Leu Gly Gin Val Val Cys Asp Phe Trp Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1D GPCR TM2 
<400> SEQUENCE: 210 

Ala Asn Tyr Leu He Gly Ser Leu Ala Thr Thr Asp Leu Leu Val Ser 

1 5 10 15 

He Leu Val Met Pro He Ser He Ala Tyr Thr He Thr His Thr Trp 

20 25 30 

Asn Phe Gly Gin He Leu Cys Asp He Trp Leu 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: 5HT1E GPCR TM2 
<400> SEQUENCE : 211 

Ala Asn Tyr Leu He Cys Ser Leu Ala Val Thr Asp Leu Leu Val Ala 

15 10 15 

Val Leu Val Met Pro Leu Ser He He Tyr He Val Met Asp Arg Trp 
20 25 30 

Lys Leu Gly Tyr Phe Leu Cys Glu Val Trp Leu 



<210> SEQ ID NO 212 
<211> LENGTH : 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT1F GPCR TM2 
<400> SEQUENCE: 212 

Ala Asn Tyr Leu He Cys Ser Leu Ala Val Thr Asp Phe Leu Val Ala 



Val Leu Val Met Pro Phe Ser He Val Tyr He Val Arg Glu Ser Trp 

20 25 30 

He Met Gly Gin Val Val Cys Asp He Trp Leu 
35 40 



<210> SEQ ID NO 213 
<211> LENGTH: 44 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT2A GPCR TM2 
<400> SEQUENCE: 213 

Thr Asn Tyr Phe Leu Met Ser Leu Ala He Ala Asp Met Leu Leu Gly 

15 10 15 

Phe Leu Val Met Pro Val Ser Met Leu Thr He Leu Tyr Gly Tyr Arg 
20 25 30 

Trp Pro Leu Pro Ser Lys Leu Cys Ala Val Trp He 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: 5HT2B GPCR TM2 
<400> SEQUENCE: 214 

15 10 15 

Leu Phe Val Met Pro He Ala Leu Leu Thr He Met Phe Glu Ala Met 

20 25 30 

Trp Pro Leu Pro Leu Val Leu Cys Pro Ala Trp Leu 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: 5HT2C GPCR TM2 
<400> SEQUENCE : 215 

Thr Asn Tyr Phe Leu Met Ser Leu Ala He Ala Asp Met Leu Val Gly 

15 10 15 

Leu Leu Val Met Pro Leu Ser Leu Leu Ala He Leu Tyr Asp Tyr Val 
20 25 30 

Trp Pro Leu Pro Arg Tyr Leu Cys Pro Val Trp He 



<210> SEQ ID NO 216 

<211> LENGTH : 44 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: 5HT5A GPCR TM2 

<400> SEQUENCE: 216 

Pro His Asn Leu Val Ala Ser Met Ala Val Ser Asp Val Leu Val Ala 



Ala Leu Val Met Pro Leu Ser Leu Val His Glu Leu Ser Gly Arg Arg 

20 25 30 

Trp Gin Leu Gly Arg Arg Leu Cys Gin Leu Trp He 
35 40 



<210> SEQ ID NO 217 
<211> LENGTH: 45 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT5Brat GPCR TM2 
<400> SEQUENCE: 217 

Pro His Asn Leu Val Ala Ser Thr Ala Val Ser Asp Val Leu Val Ala 

15 10 15 

Ala Leu Val Met Pro Leu Ser Leu Val Ser Glu Leu Ser Ala Gly Arg 
20 25 30 

Arg Trp Gin Leu Gly Arg Ser Leu Cys His Val Trp He 
35 40 45 
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<220> FEATURE: 

<223> OTHER INFORMATION: 5HT6rat GPCR TM2 
<400> SEQUENCE: 218 

15 10 15 

Leu Val Val Met Pro Pro Ala Met Leu Asn Ala Leu Tyr Gly Arg Trp 

20 25 30 

Val Leu Ala Arg Gly Leu Cys Leu Leu Trp Thr 
35 40 



<210> SEQ ID NO 219 
<211> LENGTH: 44 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: 5HT7 GPCR TM2 
<400> SEQUENCE : 219 

Ser Asn Tyr Leu lie Val Ser Leu Ala Leu Ala Asp Leu Ser Val Ala 
15 10 15 

Val Ala Val Met Pro Phe Val Ser Val Thr Asp Leu lie Gly Gly Lys 

20 25 30 

Trp He Phe Gly His Phe Phe Cys Asn Val Phe He 
35 40 



<210> SEQ ID NO 220 

<211> LENGTH : 43 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: alphalA GPCR TM2 

<400> SEQUENCE: 220 

Thr Asn Tyr Phe He Val Asn Leu Ala Val Ala Asp Leu Leu Leu Ser 



Ala Thr Val Leu Pro Phe Ser Ala Thr Met Glu Val Leu Gly Phe Trp 

20 25 30 

Ala Phe Gly Arg Ala Phe Cys Asp Val Trp Ala 
35 40 



<210> SEQ ID NO 221 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alphalB GPCR TM2 
<400> SEQUENCE: 221 

Thr Asn Tyr Phe He Val Asn Leu Ala Met Ala Asp Leu Leu Leu Ser 

15 10 15 

Phe Thr Val Leu Pro Phe Ser Ala Ala Leu Glu Val Leu Gly Tyr Trp 
20 25 30 

Val Leu Gly Arg He Phe Cys Asp He Trp Ala 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: alphalC GPCR TM2 
<400> SEQUENCE: 222 

Thr His Tyr Tyr He Val Asn Leu Ala Val Ala Asp Leu Leu Leu Thr 

15 10 15 

Ser Thr Val Leu Pro Phe Ser Ala He Phe Glu Val Leu Gly Tyr Trp 

20 25 30 

Ala Phe Gly Arg Val Phe Cys Asn He Trp Ala 
35 40 



<210> SEQ ID NO 223 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alpha2A GPCR TM2 
<400> SEQUENCE : 223 

Gin Asn Leu Phe Leu Val Ser Leu Ala Ser Ala Asp He Leu Val Ala 
15 10 15 

Thr Leu Val He Pro Phe Ser Leu Ala Asn Glu Val Met Gly Tyr Trp 

20 25 30 

Tyr Phe Gly Lys Ala Trp Cys Glu He Tyr Leu 
35 40 



<210> SEQ ID NO 224 

<211> LENGTH: 43 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: alpha2B GPCR TM2 

<400> SEQUENCE: 224 

Gin Asn Leu Phe Leu Val Ser Leu Ala Ala Ala Asp He Leu Val Ala 



Thr Leu He He Pro Phe Ser Leu Ala Asn Glu Leu Leu Gly Tyr Trp 

20 25 30 

Tyr Phe Arg Arg Thr Trp Cys Glu Val Tyr Leu 
35 40 



<210> SEQ ID NO 225 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: alpha2Cl AND alpha2C2 GPCR TM2 
<400> SEQUENCE: 225 

Gin Asn Leu Phe Leu Val Ser Leu Ala Ser Ala Asp He Leu Val Ala 

15 10 15 

Thr Leu Val Met Pro Phe Ser Leu Ala Asn Glu Leu Met Ala Tyr Trp 
20 25 30 

Tyr Phe Gly Gin Val Trp Cys Gly Val Tyr Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: betal GPCR TM2 
<400> SEQUENCE: 226 

15 10 15 

Leu Leu Val Val Pro Phe Gly Ala Thr He Val Val Trp Gly Arg Trp 

20 25 30 

Glu Tyr Gly Ser Phe Phe Cys Glu Leu Trp Thr 
35 40 



<210> SEQ ID NO 227 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: beta2 GPCR TM2 
<400> SEQUENCE : 227 

Thr Asn Tyr Phe He Thr Ser Leu Ala Cys Ala Asp Leu Val Met Gly 
15 10 15 

Leu Ala Val Val Pro Phe Gly Ala Ala His He Leu Met Lys Met Trp 

20 25 30 

Thr Phe Gly Asn Phe Trp Cys Glu Phe Trp Thr 
35 40 



<210> SEQ ID NO 228 

<211> LENGTH: 43 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: beta3 GPCR TM2 

<400> SEQUENCE: 228 

Thr Asn Val Phe Val Thr Ser Leu Ala Ala Ala Asp Leu Val Met Gly 



Leu Leu Val Val Pro Pro Ala Ala Thr Leu Ala Leu Thr Gly His Trp 

20 25 30 

Pro Leu Gly Ala Thr Gly Cys Glu Leu Trp Thr 
35 40 



<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: beta4turkey GPCR TM2 
<400> SEQUENCE: 229 

Thr Asn Val Phe Val Thr Ser Leu Ala Cys Ala Asp Leu Val Met Gly 
15 10 15 

Leu Leu Val Val Pro Pro Gly Ala Thr He Leu Leu Ser Gly His Trp 
20 25 30 



Pro Tyr Gly Thr Val Val Cys Glu Leu Trp Thr 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: D1A GPCR TM2 
<400> SEQUENCE: 230 

15 10 15 

Val Leu Val Met Pro Trp Lys Ala Val Ala Glu He Ala Gly Phe Trp 

20 25 30 

Pro Phe Gly Ser Phe Cys Asn He Trp Val 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: D2 GPCR TM2 
<400> SEQUENCE : 231 

Thr Asn Tyr Leu He Val Ser Leu Ala Val Ala Asp Leu Leu Val Ala 

15 10 15 

Thr Leu Val Met Pro Trp Val Val Tyr Leu Glu Val Val Gly Glu Trp 

20 25 30 

Lys Phe Ser Arg He His Cys Asp He Phe Val 



<210> SEQ ID NO 232 

<211> LENGTH: 44 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: D3 GPCR TM2 

<400> SEQUENCE: 232 

Thr Asn Tyr Leu Val Val Ser Leu Ala Val Ala Asp Leu Leu Val Ala 



Thr Leu Val Met Pro Trp Val Val Tyr Leu Glu Val Thr Gly Gly Val 

20 25 30 

Trp Asn Phe Ser Arg He Cys Cys Asp Val Phe Val 
35 40 



<210> SEQ ID NO 233 
<211> LENGTH: 44 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: D4 GPCR TM2 
<400> SEQUENCE: 233 

Thr Asn Ser Phe He Val Ser Leu Ala Ala Ala Asp Leu Leu Leu Ala 

15 10 15 

Leu Leu Val Leu Pro Leu Phe Val Tyr Ser Glu Val Gin Gly Gly Ala 
20 25 30 

Trp Leu Leu Ser Pro Arg Leu Cys Asp Ala Leu Met 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: D5 GPCR TM2 
<400> SEQUENCE: 234 



Leu Leu Val Met Pro Trp Lys Ala Val Ala Glu Val Ala Gly Tyr Trp 

20 25 30 

Pro Phe Gly Ala Phe Cys Asp Val Trp Val 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: Al GPCR TM2 
<400> SEQUENCE : 235 

Thr Phe Cys Phe He Val Ser Leu Ala Val Ala Asp Val Ala Val Gly 

15 10 15 

Ala Leu Val He Pro Leu Ala He Leu He Asn He Gly Pro Gin Thr 
20 25 30 

Tyr Phe His Thr Cys Leu Met Val Ala 



<210> SEQ ID NO 236 

<211> LENGTH : 41 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: A2a GPCR TM2 

<400> SEQUENCE : 236 

Thr Asn Tyr Phe Val Val Ser Leu Ala Ala Ala Asp He Ala Val Gly 



Val Leu Ala He Pro Phe Ala He Thr He Ser Thr Gly Phe Cys Ala 

20 25 30 

Ala Cys His Gly Cys Leu Phe He Ala 
35 40 



<210> SEQ ID NO 237 
<211> LENGTH: 41 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: A2b GPCR TM2 
<400> SEQUENCE: 237 

Thr Asn Tyr Phe Leu Val Ser Leu Ala Ala Ala Asp Val Ala Val Gly 

15 10 15 

Leu Phe Ala He Pro Phe Ala He Thr He Ser Leu Gly Phe Cys Thr 
20 25 30 

Asp Phe Tyr Gly Cys Leu Phe Leu Ala 
35 40 
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<210> SEQ ID NO 238 
<211> LENGTH: 41 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: A3 GPCR TM2 
<400> SEQUENCE: 238 

Thr Phe Tyr Phe He Val Ser Leu Ala Leu Ala Asp He Ala Val Gly 

1 5 10 15 

Val Leu Val Met Pro Leu Ala He Val Val Ser Leu Gly He Thr He 

20 25 30 

His Phe Tyr Ser Cys Leu Phe Met Thr 
35 40 



<210> SEQ ID NO 239 

<211> LENGTH: 43 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: OCdrome GPCR TM2 

<400> SEQUENCE : 239 

Gin Asn Phe Phe He Val Ser Leu Ala Val Ala Asp Leu Thr Val Ala 

Leu Leu Val Leu Pro Phe Asn Val Ala Tyr Ser He Leu Gly Arg Trp 

20 25 30 

Glu Phe Gly He His Leu Cys Lys Leu Trp Leu 



<211> LENGTH: 49 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: ACTH GPCR TM2 
<400> SEQUENCE: 240 

Met Tyr Phe Phe He Cys Ser Leu Ala He Ser Asp Met Leu Gly Ser 



Leu Tyr Lys He Leu Glu Asn He Leu He He Leu Arg Asn Met Gly 



Tyr Leu Lys Pro Arg Gly Ser Phe Glu Thr Thr Ala Asp Asp He He 
35 40 45 

Asp 



<210> SEQ ID NO 241 



<220> 

<223> OTHER INFORMATION: MSH GPCR TM2 
<400> SEQUENCE: 241 

Met Tyr Cys Phe He Cys Cys Leu Ala Lei 
1 5 10 

Gly Thr Asn Val Leu Glu Thr Ala Val He 



Ala Leu Val Ala Arg Ala Ala Val Leu Gin Gin Leu Asp Asn Val He 
35 40 45 
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<210> SEQ ID NO 242 
<211> LENGTH: 49 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MC3 GPCR TM2 
<400> SEQUENCE: 242 

Met Tyr Phe Phe Leu Cys Ser Leu Ala Val Ala Asp Met Leu Val Ser 

15 10 15 

Val Ser Asn Ala Leu Glu Thr He Met He Ala He Val His Ser Asp 

20 25 30 

Asp Tyr Thr Phe Glu Asp Gin Phe He Gin His Met Asp Asn He Phe 
35 40 45 

Asp 



<210> SEQ ID NO 243 




<400> SEQUENCE : 243 

Met Tyr Phe Phe He Cys Ser Leu Ala Val Ala Asp Met Leu Val Ser 

15 10 15 

Val Ser Asn Gly Ser Glu Thr He He He Thr Leu Leu Asn Ser Thr 
20 25 30 

Asp Thr Asp Ala Gin Ser Phe Thr Val Asn He Asp Asn Val He Asp 
35 40 45 



<211> LENGTH : 49 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<223> OTHER INFORMATION: MC5 GPCR TM2 
<400> SEQUENCE: 244 

Met Tyr Phe Phe Val Cys Ser Leu Ala Val Ala Asp Met Leu Val Ser 
15 10 15 

Met Ser Ser Ala Trp Glu Thr He Thr He Tyr Leu Leu Asn Asn Lys 

20 25 30 

His Leu Val He Ala Asp Ala Phe Val Arg His He Asp Asn Val Phe 
35 40 45 

Asp 



3 245 



<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: melatonin GPCR TM2 
<400> SEQUENCE: 245 

Gly Asn He Phe Val Val Ser Leu Ala Val Ala Asp Leu Val Val Ala 
15 10 15 

He Tyr Pro Tyr Pro Leu Val Leu Met Ser He Phe Asn Asn Gly Trp 



Asn Leu Gly Tyr Leu His Cys Gin Val Ser Gly 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: oxytocin GPCR TM2 
<400> SEQUENCE: 246 

15 10 15 

Val Phe Gin Val Leu Pro Gin Leu Leu Trp Asp lie Thr Phe Arg Phe 

20 25 30 

Tyr Gly Pro Asp Leu Leu Cys Arg Leu Val Lys 
35 40 



<210> SEQ ID NO 247 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: conopressinLs GPCR TM2 
<400> SEQUENCE : 247 

Met Gin Trp Phe He Ala His Leu Ala Phe Ala Asp He Phe Val Gly 

15 10 15 

Phe Phe Asn He Leu Pro Gin Leu He Ser Asp Val Thr He Val Phe 

20 25 30 

His Gly Asp Asp Phe Thr Cys Arg Phe He Lys 
35 40 



<210> SEQ ID NO 248 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: VIA GPCR TM2 
<400> SEQUENCE: 248 

Met His Leu Phe He Arg His Leu Ser Leu Ala Asp Leu Ala Val Ala 



Phe Phe Gin Val Leu Pro Gin Met Cys Trp Asp He Thr Tyr Arg Phe 

20 25 30 

Arg Gly Pro Asp Trp Leu Cys Arg Val Val Lys 
35 40 



<210> SEQ ID NO 249 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: V1B GPCR TM2 
<400> SEQUENCE: 249 

Met His Leu Phe Val Leu His Leu Ala Leu Thr Asp Leu Ala Val Ala 

15 10 15 

Leu Phe Gin Val Leu Pro Gin Leu Leu Trp Asp He Thr Tyr Arg Phe 
20 25 30 

Gin Gly Pro Asp Leu Leu Cys Arg Ala Val Lys 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: V2 GPCR TM2 
<400> SEQUENCE: 250 

He His Val Phe He Gly His Leu Cys Leu Ala Asp Leu Ala Val Ala 

1 5 10 15 

Leu Phe Gin Val Leu Pro Gin Leu Ala Trp Lys Ala Thr Asp Arg Phe 

20 25 30 

Arg Gly Pro Asp Ala Leu Cys Arg Ala Val Lys 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: CCK^A GPCR TM2 
<400> SEQUENCE : 251 

Thr Asn He Phe Leu Leu Ser Leu Ala Val Ser Asp Leu Met Leu Cys 
15 10 15 

Leu Phe Cys Met Pro Phe Asn Leu He Pro Asn Leu Leu Lys Asp Phe 
20 25 30 

He Phe Gly Ser Ala Val Cys Lys Thr Thr Thr 



<210> SEQ ID NO 252 

<211> LENGTH: 43 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: CCK_B GPCR TM2 

<400> SEQUENCE: 252 

Thr Asn Ala Phe Leu Leu Ser Leu Ala Val Ser Asp Leu Leu Leu Ala 



Val Ala Cys Met Pro Phe Thr Leu Leu Pro Asn Leu Met Gly Thr Phe 

20 25 30 

He Phe Gly Thr Val He Cys Lys Ala Val Ser 
35 40 



<210> SEQ ID NO 253 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: NPY1 GPCR TM2 
<400> SEQUENCE: 253 

Thr Asn He Leu He Val Asn Leu Ser Phe Ser Asp Leu Leu Val Ala 

15 10 15 

He Met Cys Leu Pro Phe Thr Phe Val Tyr Thr Leu Met Asp His Trp 
20 25 30 



Val Phe Gly Glu Ala Met Cys Lys Leu Asn Pro 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: NTR GPCR TM2 
<400> SEQUENCE: 254 

15 10 15 

Leu Leu Ala Met Pro Val Glu Leu Tyr Asn Phe He Trp Val His His 

20 25 30 

Pro Trp Ala Phe Gly Asp Ala Gly Cys Arg Gly Tyr Tyr 
35 40 45 



<210> SEQ ID NO 255 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: NK1 GPCR TM2 
<400> SEQUENCE : 255 

Thr Asn Tyr Phe Leu Val Asn Leu Ala Phe Ala Glu Ala Ser Met Ala 

15 10 15 

Ala Phe Asn Thr Val Val Asn Phe Thr Tyr Ala Val His Asn Glu Trp 

20 25 30 

Tyr Tyr Gly Leu Phe Tyr Cys Lys Phe His Asn 
35 40 



<210> SEQ ID NO 256 

<211> LENGTH: 43 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: NK2 GPCR TM2 

<400> SEQUENCE: 256 

Thr Asn Tyr Phe He Val Asn Leu Ala Leu Ala Asp Leu Cys Met Ala 



Ala Phe Asn Ala Ala Phe Asn Phe Val Tyr Ala Ser His Asn He Trp 

20 25 30 

Tyr Phe Gly Arg Ala Phe Cys Tyr Phe Gin Asn 
35 40 



<210> SEQ ID NO 257 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: NK3 GPCR TM2 
<400> SEQUENCE: 257 

Thr Asn Tyr Phe Leu Val Asn Leu Ala Phe Ser Asp Ala Ser Met Ala 

15 10 15 

Ala Phe Asn Thr Leu Val Asn Phe He Tyr Ala Leu His Ser Glu Trp 
20 25 30 



Tyr Phe Gly Ala Asn Tyr Cys Arg Phe Gin Asn 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: blueops GPCR TM2 
<400> SEQUENCE: 258 

Leu Asn Tyr He Leu Val Asn Val Ser Phe Gly Gly Phe Leu Leu Cys 

1 5 10 15 

He Phe Ser Val Phe Pro Val Phe Val Ala Ser Cys Asn Gly Tyr Phe 

20 25 30 

Val Phe Gly Arg His Val Cys Ala Leu Glu Gly 
35 40 



<210> SEQ ID NO 259 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: greenops GPCR TM2 
<400> SEQUENCE : 259 

Leu Asn Trp He Leu Val Asn Leu Ala Val Ala Asp Leu Ala Glu Thr 
15 10 15 

Val He Ala Ser Thr He Ser Val Val Asn Gin Val Tyr Gly Tyr Phe 

20 25 30 

Val Leu Gly His Pro Met Cys Val Leu Glu Gly 
35 40 



<210> SEQ ID NO 260 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: redops GPCR TM2 
<400> SEQUENCE : 260 

Leu Asn Trp He Leu Val Asn Leu Ala Val Ala Asp Leu Ala Glu Thr 



Val He Ala Ser Thr He Ser He Val Asn Gin Val Ser Gly Tyr Phe 

20 25 30 

Val Leu Gly His Pro Met Cys Val Leu Glu Gly 
35 40 



<210> SEQ ID NO 261 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: rhodopsin GPCR TM2 
<400> SEQUENCE: 261 

Leu Asn Tyr He Leu Leu Asn Leu Ala Val Ala Asp Leu Phe Met Val 

15 10 15 

Leu Gly Gly Phe Thr Ser Thr Leu Tyr Thr Ser Leu His Gly Tyr Phe 
20 25 30 



Val Phe Gly Pro Thr Gly Cys Asn Leu Glu Gly 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: violetopsGg GPCR TM2 
<400> SEQUENCE: 262 

Leu Asn Tyr He Leu Val Asn He Ser Ala Ser Gly Phe Val Ser Cys 

15 10 15 

Val Leu Ser Val Phe Val Val Phe Val Ala Ser Ala Arg Gly Tyr Phe 

20 25 30 

Val Phe Gly Lys Arg Val Cys Glu Leu Glu Ala 
35 40 



<210> SEQ ID NO 263 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: opsin_crab GPCR TM2 
<400> SEQUENCE : 263 

Thr Asn Leu Leu Val Val Asn Leu Ala Phe Ser Asp Phe Cys Met Met 

15 10 15 

Ala Phe Met Met Pro Thr Met Thr Ser Asn Cys Phe Ala Glu Thr Trp 

20 25 30 

He Leu Gly Pro Phe Met Cys Glu Val Tyr Gly 
35 40 



<210> SEQ ID NO 264 

<211> LENGTH: 48 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: ET_Aprec GPCR TM2 

<400> SEQUENCE: 264 

Pro Asn Ala Leu He Ala Ser Leu Ala Leu Gly Asp Leu He Tyr Val 



Val He Asp Leu Pro He Asn Val Phe Lys Leu Leu Ala Gly Arg Trp 

20 25 30 

Pro Phe Asp His Asn Asp Phe Gly Val Phe Leu Cys Lys Leu Phe Pro 
35 40 45 



<210> SEQ ID NO 265 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: ET_Bprec GPCR TM2 
<400> SEQUENCE: 265 

Pro Asn He Leu He Ala Ser Leu Ala Leu Gly Asp Leu Leu His He 

15 10 15 

Val He Asp He Pro He Asn Val Tyr Lys Leu Leu Ala Glu Asp Trp 
20 25 30 

Pro Phe Gly Ala Glu Met Cys Lys Leu Val Pro 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: ET_Cfrog GPCR TM2 
<400> SEQUENCE: 266 

Pro Asn Val Leu He Ala Ser Leu Ala Leu Gly Asp Leu Phe Tyr He 

1 5 10 15 

Leu He Ala He Pro He He Ser He Ser Phe Trp Leu Ser Thr Gly 

20 25 30 

His Ser Glu Tyr He Tyr Gin 

35 



<210> SEQ ID NO 267 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: galatin GPCR TM2 
<400> SEQUENCE : 267 

Thr Asn Leu Phe He Leu Asn Leu Ser He Ala Asp Leu Ala Tyr Leu 
15 10 15 

Leu Phe Cys He Pro Phe Gin Ala Thr Val Tyr Ala Leu Pro Thr Trp 

20 25 30 

Val Leu Gly Ala Phe He Cys Lys Phe He His 
35 40 



<210> SEQ ID NO 268 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : NMBGPCR TM2 
<400> SEQUENCE: 268 

Pro Asn He Phe He Ser Asn Leu Ala Ala Gly Asp Leu Leu Leu Leu 



Leu Thr Cys Val Pro Val Asp Ala Ser Arg Tyr Phe Phe Asp Glu Trp 

20 25 30 

Met Phe Gly Lys Val Gly Cys Lys Leu He Pro 
35 40 



<210> SEQ ID NO 269 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GRP GPCR TM2 
<400> SEQUENCE: 269 

Pro Asn Leu Phe He Ser Ser Leu Ala Leu Gly Asp Leu Leu Leu Leu 

15 10 15 

He Thr Cys Ala Pro Val Asp Ala Ser Arg Tyr Leu Ala Asp Arg Trp 
20 25 30 



Leu Phe Gly Arg He Gly Cys Lys Leu He Pro 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: BRS3 GPCR TM2 
<400> SEQUENCE: 270 

Pro Asn He Phe He Thr Ser Leu Ala Phe Gly Asp Leu Leu Leu Leu 

1 5 10 15 

Leu Thr Cys Val Pro Val Asp Ala Thr His Tyr Leu Ala Glu Gly Trp 

20 25 30 

Leu Phe Gly Arg He Gly Cys Lys Val Leu Ser 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION : deltaOP GPCR TM2 
<400> SEQUENCE : 271 

Thr Asn He Tyr He Phe Asn Leu Ala Leu Ala Asp Ala Leu Ala Thr 

15 10 15 

Ser Thr Leu Pro Phe Gin Ser Ala Lys Tyr Leu Met Glu Thr Trp Pro 

20 25 30 

Phe Gly Glu Leu Leu Cys Lys Ala Val Leu 



<210> SEQ ID NO 272 

<211> LENGTH: 42 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: kappaOP GPCR TM2 

<400> SEQUENCE: 272 

Thr Asn He Tyr He Phe Asn Leu Ala Leu Ala Asp Ala Leu Val Thr 



Thr Thr Met Pro Phe Gin Ser Thr Val Tyr Leu Met Asn Ser Trp Pro 

20 25 30 

Phe Gly Asp Val Leu Cys Lys He Val He 
35 40 



<210> SEQ ID NO 273 
<211> LENGTH: 42 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: muOP GPCR TM2 
<400> SEQUENCE: 273 

Thr Asn He Tyr He Phe Asn Leu Ala Leu Ala Asp Ala Leu Ala Thr 

15 10 15 

Ser Thr Leu Pro Phe Gin Ser Val Asn Tyr Leu Met Gly Thr Trp Pro 
20 25 30 

Phe Gly Thr He Leu Cys Lys He Val He 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: OPRX GPCR TM2 
<400> SEQUENCE: 274 

Thr Asn He Tyr He Phe Asn Leu Ala Leu Ala Asp Thr Leu Val Leu 

15 10 15 

Leu Thr Leu Pro Phe Gin Gly Thr Asp He Leu Leu Gly Phe Trp Pro 

20 25 30 

Phe Gly Asn Ala Leu Cys Lys Thr Val He 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: CB1 GPCR TM2 
<400> SEQUENCE : 275 

Ser Tyr His Phe He Gly Ser Leu Ala Val Ala Asp Leu Leu Gly Ser 
15 10 15 

Val He Phe Val Tyr Ser Phe He Asp Phe His Val Phe His Arg Lys 

20 25 30 

Asp Ser Arg Asn Val Phe Leu Phe Lys Leu 



<210> SEQ ID NO 276 
<211> LENGTH: 42 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CB2 GPCR TM2 
<400> SEQUENCE: 276 

Ser Tyr Leu Phe He Gly Ser Leu Ala Gly Ala Asp Phe Leu Ala Ser 
15 10 15 

Val Val Phe Ala Cys Ser Phe Val Asn Phe His Val Phe His Gly Val 

20 25 30 

Asp Ser Lys Ala Val Phe Leu Leu Lys He 
35 40 



<223> OTHER INFORMATION: SSTR1 GPCR TM2 
<400> SEQUENCE: 277 

Thr Asn He Tyr He Leu Asn Leu Ala He Ala Asp Glu I 

1 5 10 

Leu Ser Val Pro Phe Leu Val Thr Ser Thr Leu Leu Arg H 



Phe Gly Ala Leu Leu Cys Arg Leu Val Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: SSTR2 GPCR TM2 
<400> SEQUENCE: 278 

Thr Asn He Tyr He Leu Asn Leu Ala He Ala Asp Glu Leu Phe Met 

15 10 15 

Leu Gly Leu Pro Phe Leu Ala Met Gin Val Ala Leu Val His Trp Pro 

20 25 30 

Phe Gly Lys Ala He Cys Arg Val Val Met 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: SSTR3 GPCR TM2 
<400> SEQUENCE : 279 

Thr Asn Val Tyr He Leu Asn Leu Ala Leu Ala Asp Glu Leu Phe Met 
15 10 15 

Leu Gly Leu Pro Phe Leu Ala Ala Gin Asn Ala Leu Ser Tyr Trp Pro 
20 25 30 

Phe Gly Ser Leu Met Cys Arg Leu Val Met 



<210> SEQ ID NO 280 
<211> LENGTH: 42 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: SSTR4 GPCR TM2 
<400> SEQUENCE : 280 

Thr Asn He Tyr Leu Leu Asn Leu Ala Val Ala Asp Glu Leu Phe Met 



Leu Ser Val Pro Phe Val Ala Ser Ser Ala Ala Leu Arg His Trp Pro 

20 25 30 

Phe Gly Ser Val Leu Cys Arg Ala Val Leu 
35 40 



<210> SEQ ID NO 281 
<211> LENGTH: 42 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: SSTR5 GPCR TM2 
<400> SEQUENCE: 281 

Thr Asn He Tyr He Leu Asn Leu Ala Val Ala Asp Val Leu Tyr Met 

15 10 15 

Leu Gly Leu Pro Phe Leu Ala Thr Gin Asn Ala Ala Ser Phe Trp Pro 
20 25 30 

Phe Gly Pro Val Leu Cys Arg Leu Val Met 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: IL8A and IL8B GPCR TM2 
<400> SEQUENCE: 282 

Thr Asp Val Tyr Leu Leu Asn Leu Ala Leu Ala Asp Leu Leu Phe Ala 

15 10 15 

Leu Thr Leu Pro He Trp Ala Ala Ser Lys Val Asn Gly Trp He Phe 

20 25 30 

Gly Thr Phe Leu Cys Lys Val Val Ser 
35 40 



<210> SEQ ID NO 283 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: AT la GPCR TM2 
<400> SEQUENCE : 283 

Ala Ser Val Phe Leu Leu Asn Leu Ala Leu Ala Asp Leu Cys Phe Leu 
15 10 15 

Leu Thr Leu Pro Leu Trp Ala Val Tyr Thr Ala Met Glu Tyr Arg Trp 

20 25 30 

Pro Phe Gly Asn Tyr Leu Cys Lys He Ala Ser 
35 40 



<210> SEQ ID NO 284 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: ATlbrat GPCR TM2 
<400> SEQUENCE: 284 

Ala Ser Val Phe Leu Leu Asn Leu Ala Leu Ala Asp Leu Cys Phe Leu 



Leu Thr Leu Pro Leu Trp Ala Val Tyr Thr Ala Met Glu Tyr Arg Trp 

20 25 30 

Pro Phe Gly Asn His Leu Cys Lys He Ala Ser 
35 40 



<210> SEQ ID NO 285 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: AT 2 GPCR TM2 
<400> SEQUENCE: 285 

Ser Ser He Tyr He Phe Asn Leu Ala Val Ala Asp Leu Leu Leu Leu 

15 10 15 

Ala Thr Leu Pro Leu Trp Ala Thr Tyr Tyr Ser Tyr Arg Tyr Asp Trp 
20 25 30 



Leu Phe Gly Pro Val Met Cys Lys Val Phe Gly 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: BK1 GPCR TM2 
<400> SEQUENCE: 286 

Ala Glu He Tyr Leu Ala Asn Leu Ala Ala Ser Asp Leu Val Phe Val 

15 10 15 

Leu Gly Leu Pro Phe Trp Ala Glu Asn He Trp Asn Gin Phe Asn Trp 

20 25 30 

Pro Phe Gly Ala Leu Leu Cys Arg Val He Asn 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: BK2 GPCR TM2 
<400> SEQUENCE : 287 

Ala Glu He Tyr Leu Gly Asn Leu Ala Ala Ala Asp Leu He Leu Ala 

15 10 15 

Cys Gly Leu Pro Phe Trp Ala He Thr He Ser Asn Asn Phe Asp Trp 

20 25 30 

Leu Phe Gly Glu Thr Leu Cys Arg Val Val Asn 



<210> SEQ ID NO 288 
<211> LENGTH: 42 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: P2Y7 GPCR TM2 
<400> SEQUENCE : 288 

Thr Ala Leu Met Val Leu Asn Leu Ala Leu Ala Asp Leu Ala Val Leu 



Leu Thr Ala Pro Phe Phe Leu His Phe Leu Ala Gin Gly Thr Trp Ser 

20 25 30 

Phe Gly Leu Ala Gly Cys Arg Leu Cys His 
35 40 



<210> SEQ ID NO 289 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: P2Y6 GPCR TM2 
<400> SEQUENCE: 289 

Ser Ala Val Tyr Thr Leu Asn Leu Ala Leu Ala Asp Leu Leu Tyr Ala 

15 10 15 

Cys Ser Leu Pro Leu Leu He Tyr Asn Tyr Ala Arg Gly Asp His Trp 
20 25 30 



Pro Phe Gly Asp Leu Ala Cys Arg Leu Val Arg 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: P2Y5 GPCR TM2 
<400> SEQUENCE: 290 

15 10 15 

Phe Thr Leu Pro Phe Arg lie Tyr Tyr Phe Val Val Arg Asn Trp Pro 

20 25 30 

Phe Gly Asp Val Leu Cys Lys He Ser Val 



<212> TYPE: PRT 

<213> ORGANISM : Artificial Sequence 



<223> OTHER INFORMATION: P2Y4 GPCR TM2 
<400> SEQUENCE : 291 

Thr Ala Thr Tyr Met Phe His Leu Ala Leu Ser Asp Thr Leu Tyr Val 
15 10 15 

Val Ser Leu Pro Thr Leu He Tyr Tyr Tyr Ala Ala His Asn His Trp 

20 25 30 

Pro Phe Gly Thr Glu He Cys Lys Phe Val Arg 



<210> SEQ ID NO 292 

<211> LENGTH: 43 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: P2Y3chick GPCR TM2 

<400> SEQUENCE : 292 

Thr Thr He Tyr Met Leu Asn Leu Ala Met Ala Asp Leu Leu Tyr Val 



Cys Ser Leu Pro Leu Leu He Tyr Asn Tyr Thr Gin Lys Asp Tyr Trp 

20 25 30 

Pro Phe Gly Asp Phe Thr Cys Lys Phe Val Arg 
35 40 



<210> SEQ ID NO 293 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: P2Y2 GPCR TM2 
<400> SEQUENCE: 293 

Ser Thr Thr Tyr Met Phe His Leu Ala Val Ser Asp Ala Leu Tyr Ala 
15 10 15 

Ala Ser Leu Pro Leu Leu Val Tyr Tyr Tyr Ala Arg Gly Asp His Trp 
20 25 30 



Pro Phe Ser Thr Val Leu Cys Lys Leu Val Arg 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: P2Y1 GPCR TM2 
<400> SEQUENCE: 294 

He Ser Val Tyr Met Phe Asn Leu Ala Leu Ala Asp Phe Leu Tyr Val 

15 10 15 

Leu Thr Leu Pro Ala Leu He Phe Tyr Tyr Phe Asn Lys Thr Asp Trp 

20 25 30 

He Phe Gly Asp Ala Met Cys Lys Leu Gin Arg 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: THRprec GPCR TM2 
<400> SEQUENCE : 295 

Ala Val Val Tyr Met Leu His Leu Ala Thr Ala Asp Val Leu Phe Val 

15 10 15 

Ser Val Leu Pro Phe Lys He Ser Tyr Tyr Phe Ser Gly Ser Asp Trp 

20 25 30 

Gin Phe Gly Ser Glu Leu Cys Arg Phe Val Thr 



<210> SEQ ID NO 296 
<211> LENGTH : 42 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: C5a GPCR TM2 
<400> SEQUENCE : 296 

Asn Ala He Trp Phe Leu Asn Leu Ala Val Ala Asp Phe Leu Ser Cys 



Leu Ala Leu Pro He Leu Phe Thr Ser He Val Gin His His Trp Pro 

20 25 30 

Phe Gly Gly Ala Ala Cys Ser He Leu Pro 
35 40 



<210> SEQ ID NO 297 
<211> LENGTH: 39 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GPOlmouse AND R334rat GPCR TM2 
<400> SEQUENCE: 297 

Met Phe Leu Leu He Gly Ser Leu Ala Leu Ala Asp Leu Leu Ala Gly 

15 10 15 

Leu Gly Leu He He Asn Phe Val Phe Ala Tyr Leu Leu Gin Ser Glu 

20 25 30 

Ala Thr Lys Leu Val Thr He 
35 
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<220> FEATURE: 

<223> OTHER INFORMATION: GP21mouse GPCR TM2 
<400> SEQUENCE: 298 

Met Phe Leu Leu Val Gly Ser Leu Ala Val Ala Asp Leu Leu Ala Gly 

1 5 10 15 

Leu Gly Leu Val Leu His Phe Ala Ala Asp Phe Cys lie Gly Ser Pro 

20 25 30 

Glu Met Ser Leu Met Leu Val 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: GCRCmouse GPCR TM2 
<400> SEQUENCE : 299 

Thr Ser Leu Phe He Val Asn Leu Ala Val Ala Asp He Met He Thr 

15 10 15 

Leu Leu Asn Thr Pro Phe Thr Leu Val Arg Phe Val Asn Ser Thr Trp 

20 25 30 

Val Phe Gly Lys Gly Met Cys His Val Ser Arg 



<210> SEQ ID NO 300 

<211> LENGTH: 43 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION : TXKR GPCR TM2 

<400> SEQUENCE: 300 

Thr Asn Ser Phe Leu Val Asn Leu Ala Phe Ala Asp Ala Ala Met Ala 



Ala Leu Asn Ala Leu Val Asn Phe He Tyr Ala Leu His Gly Glu Trp 

20 25 30 

Tyr Phe Gly Ala Asn Tyr Cys Arg Phe Gin Asn 
35 40 



<210> SEQ ID NO 301 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GlODrat GPCR TM2 
<400> SEQUENCE: 301 

Leu Asn Leu Tyr He Leu Asn Met Ala Val Ala Asp Leu Gly He He 

15 10 15 

Leu Ser Leu Pro Val Trp Met Leu Glu Val Met Leu Glu Tyr Thr Trp 
20 25 30 

Leu Trp Gly Ser Phe Ser Cys Arg Phe He His 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: RDC1 GPCR TM2 
<400> SEQUENCE: 302 

His Cys Tyr He Leu Asn Leu Ala He Ala Asp Leu Trp Val Val Leu 

15 10 15 

Thr He Pro Val Trp Val Val Ser Leu Val Gin His Asn Gin Trp Pro 

20 25 30 

Met Gly Glu Leu Thr Cys Lys Val Thr His 
35 40 



<210> SEQ ID NO 303 
<211> LENGTH: 39 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: BLR1 GPCR TM2 
<400> SEQUENCE : 303 

Thr Phe Leu Phe His Leu Ala Val Ala Asp Leu Leu Leu Val Phe He 

15 10 15 

Leu Pro Phe Ala Val Ala Glu Gly Ser Val Gly Trp Val Leu Gly Thr 

20 25 30 

Phe Leu Cys Lys Thr Val He 
35 



<211> LENGTH: 36 

<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: CL5 and LCR1GPCR TM2 

<400> SEQUENCE : 304 

Leu His Leu Ser Val Ala Asp Leu Leu Phe Val He Thr Leu Pro Phe 



Trp Ala Val Asp Ala Val Ala Asn Trp Tyr Phe Gly Asn Phe Leu Cys 

20 25 30 



<210> SEQ ID NO 305 
<211> LENGTH: 37 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EBI1 GPCR TM2 
<400> SEQUENCE: 305 

Leu Leu Asn Leu Ala Val Ala Asp He Leu Phe Leu Leu Thr Leu Pro 

15 10 15 

Phe Trp Ala Tyr Ser Ala Ala Lys Ser Trp Val Phe Gly Val His Phe 
20 25 30 

35 
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<220> FEATURE: 

<223> OTHER INFORMATION: RBSlrat GPCR TM2 
<400> SEQUENCE: 306 

Leu Leu Asn Leu Ala Leu Ser Asp Leu Leu Phe Val Ala Thr Leu Pro 

15 10 15 

Phe Trp Thr His Tyr Leu He Ser His Glu Gly Leu His Asn Ala Met 

20 25 30 

Cys Lys Leu Thr Thr 

35 



<210> SEQ ID NO 307 
<211> LENGTH: 39 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: EBI2 GPCR TM2 
<400> SEQUENCE : 307 

Ser Thr Asn Leu Val He Ser Asp He Leu Phe Thr Thr Ala Leu Pro 
15 10 15 

Thr Arg He Ala Tyr Tyr Ala Met Gly Phe Asp Trp Arg He Gly Asp 
20 25 30 

Ala Leu Cys Arg He Thr Ala 
35 



<210> SEQ ID NO 308 
<211> LENGTH: 38 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GCRTchick GPCR TM2 
<400> SEQUENCE: 308 

Met Leu Asn Leu Ala He Ser Asp Leu Leu Phe Val Phe Thr Leu Pro 



Phe Arg He Tyr Tyr Phe Val Val Arg Asn Trp Pro Phe Gly Asp Val 

20 25 30 

35 



<210> SEQ ID NO 309 
<211> LENGTH: 41 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: APJ GPCR TM2 
<400> SEQUENCE: 309 

He Phe He Ala Ser Leu Ala Val Ala Asp Leu Thr Phe Val Val Thr 

15 10 15 

Leu Pro Leu Trp Ala Thr Tyr Thr Tyr Arg Asp Tyr Asp Trp Pro Phe 
20 25 30 



Gly Thr Phe Phe Cys Lys Leu Ser Ser 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: RTArat GPCR TM2 
<400> SEQUENCE: 310 

Phe Ser He Tyr Phe Leu His Leu Ala Ser Ala Asp Gly He Tyr Leu 

15 10 15 

Phe Ser Lys Ala Val He Ala Leu Leu Asn Met Gly Thr Phe Leu Gly 

20 25 30 

Ser Phe Pro Asp Tyr Val Arg Arg Val Ser Arg 
35 40 



<210> SEQ ID NO 311 
<211> LENGTH: 44 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: UHRrat GPCR TM2 
<400> SEQUENCE : 311 

Thr Asn Phe Leu He Gly Asn Leu Ala Leu Ser Asp Val Leu Met Cys 
15 10 15 

Ala Ala Cys Val Pro Leu Thr Leu Ala Tyr Ala Phe Glu Pro Arg Gly 

20 25 30 

Trp Val Phe Gly Gly Gly Leu Cys His Leu Val Phe 
35 40 



<210> SEQ ID NO 312 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: FMRL1 GPCR TM2 
<400> SEQUENCE : 312 

Asn Thr He Cys Tyr Leu Asn Leu Ala Leu Ala Asp Phe Ser Phe Ser 



Ala He Leu Pro Phe Arg Met Val Ser Val Ala Met Arg Glu Lys Trp 

20 25 30 

Pro Phe Ala Ser Phe Leu Cys Lys Leu Val His 
35 40 



<210> SEQ ID NO 313 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: FMRL2 GPCR TM2 
<400> SEQUENCE: 313 

Thr Thr He Cys Tyr Leu Asn Leu Ala Leu Ala Asp Phe Ser Phe Thr 

15 10 15 

Ala Thr Leu Pro Phe Leu He Val Ser Met Ala Met Gly Glu Lys Trp 
20 25 30 



Pro Phe Gly Trp Phe Leu Cys Lys Leu He His 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: fMLP GPCR TM2 
<400> SEQUENCE: 314 

15 10 15 

Ser Thr Leu Pro Phe Phe Met Val Arg Lys Ala Met Gly Gly His Trp 

20 25 30 

Pro Phe Gly Trp Phe Leu Cys Lys Phe Leu Phe 
35 40 



<210> SEQ ID NO 315 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFlcatfish GPCR TM2 
<400> SEQUENCE : 315 

Lys Tyr lie Thr Val Phe Asn Leu Ala Leu Ser Asp Leu Gly Gly Ser 
15 10 15 

Ser Ala Leu He Pro Lys Leu He Asp Thr Phe Leu Phe Glu Asn Gin 

20 25 30 

Val He Ser Tyr Glu Ala Cys Leu Ala Asn Met 
35 40 



<210> SEQ ID NO 316 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF3catfish GPCR TM2 
<400> SEQUENCE: 316 

Lys Tyr He Ala Val Phe Asn Leu Ala Leu Ser Asp Leu Cys Gly Ser 



Ser Ala Leu He Pro Lys Leu Leu Asp Met Leu Leu Phe Glu Asn Gin 

20 25 30 

Ser He Ser Tyr Glu Ala Cys Leu Ser Asn Met 
35 40 



<210> SEQ ID NO 317 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF8catfish GPCR TM2 
<400> SEQUENCE: 317 

Met Cys He Leu He Gly Leu Met Ala Val Val Asp Leu Ser Met Pro 

15 10 15 

He Phe Cys Val Pro Asn Met Leu Leu Ser Phe Leu Phe Asn Trp Lys 
20 25 30 



Gly He Ser Leu Val Gly Cys Leu Val Gin Met 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: OLF32Acatf ish GPCR TM2 
<400> SEQUENCE: 318 

Lys Tyr Met Gly He Phe Asn Leu Ala Leu Ser Asp Phe Gly Glu Thr 
15 10 15 

Asn Val Leu He Pro Ser Leu Val Lys Thr Leu Phe Phe Asp Ser Gin 

20 25 30 

Tyr He Ser Tyr Asp Ala Cys Leu Ala Asn Met 
35 40 



<210> SEQ ID NO 319 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF32Bcatf ish and OLF32Dcatf ish GPCR TM2 
<400> SEQUENCE : 319 

Lys Tyr Met Gly He Phe Asn Leu Ala Leu Ser Asp Phe Gly Glu Thr 
15 10 15 

Asn Ala Leu He Pro Ser Leu Val Lys Thr Leu Phe Phe Asp Ser Gin 
20 25 30 

Tyr He Ser Tyr Asp Ala Cys Leu Ala Asn Met 
35 40 



<210> SEQ ID NO 320 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF32Ccatf ish GPCR TM2 
<400> SEQUENCE: 320 

Lys Tyr Met Gly He Phe Asn Leu Ala Leu Ser Asp He Gly Glu Thr 



Asn Ala Leu He Pro Ser Leu Val Lys Thr Leu Phe Phe Asp Ser Gin 

20 25 30 

Tyr He Ser Tyr Asp Ala Cys Leu Thr Asn Met 
35 40 



<210> SEQ ID NO 321 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF47catfish GPCR TM2 
<400> SEQUENCE: 321 

Lys Phe Leu Ala Val Phe Asn Leu Ala Val Val Asp He Ser He Asn 

15 10 15 

Ser Val He He Pro Gin Met Val Pro Val Phe Val Phe Asn Leu Asn 

20 25 30 

His He Ser Phe Glu Ser Cys Phe Ser Gin Met 
35 40 
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<210> SEQ ID NO 322 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF202catf ish GPCR TM2 
<400> SEQUENCE: 322 

Met Tyr Tyr He Met Leu Asn Leu Ala Ala Ser Asp Val Leu Phe Ser 

15 10 15 



Thr Thr Thr Leu Pro Lys He He Ala Arg Tyr Trp Phe Gly Asp Gly 

20 25 30 



Ser He Ser Phe Val Gly Cys Phe He Gin Met 
35 40 



<210> SEQ ID NO 323 
<211> LENGTH : 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFCOR1 chicken, OLFCOR3chicken AND 
OLFCOR4chicken GPCR TM2 

<400> SEQUENCE : 323 

Met Tyr He Phe Leu Gin Asn Leu Ser Phe Thr Asp Ala Ala Tyr Ser 
15 10 15 

Thr Val He Thr Pro Lys Met Leu Ala Thr Phe Leu Glu Glu Arg Lys 

20 25 30 

Thr He Ser Tyr Val Gly Cys He Leu Gin Tyr 
35 40 



<210> SEQ ID NO 324 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFCOR2 chicken and OLFCOR5 chicken GPCR TM2 
<400> SEQUENCE: 324 

Met Tyr He Phe Leu Gin Asn Leu Ser Phe Thr Asp Ala Ala Tyr Ser 

15 10 15 

Thr Val He Thr Pro Lys Met Leu Ala Thr Phe Leu Glu Glu Arg Arg 

20 25 30 

Thr He Ser Tyr Val Gly Cys He Leu Gin Tyr 
35 40 



) 325 



<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: OLFCOR6 chicken GPCR TM2 
<400> SEQUENCE: 325 

Met Tyr He Phe Leu Gin Asn Leu Ser Phe Thr Asp Ala Val Tyr Ser 
15 10 15 

Thr Val He Thr Pro Lys Met Leu Ala Thr Phe Leu Glu Glu Thr Lys 



Thr He Ser Tyr Val Gly Cys He Leu Gin Tyr 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: OLFdog GPCR TM2 
<400> SEQUENCE: 326 

15 10 15 



Ser Val Thr Met Pro Lys Leu Leu Gin Asn Met Gin Ser Gin Val Pro 

20 25 30 



Ser lie Pro Tyr Ala Gly Cys Leu Thr Gin Met 
35 40 



<210> SEQ ID NO 327 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF07E GPCR TM2 
<400> SEQUENCE : 327 

Val Tyr Phe Phe Leu Ala Asn Leu Ser Phe Thr Asp Leu Phe Phe Val 

15 10 15 

Thr Asn Thr He Pro Lys Met Leu Val Asn Leu Gin Ser His Asn Lys 

20 25 30 

Ala He Ser Tyr Ala Gly Cys Leu Thr Gin Leu 
35 40 



<210> SEQ ID NO 328 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF07I GPCR TM2 
<400> SEQUENCE: 328 

Met Tyr Leu Phe Leu Ser Asn Leu Ser Phe Ser Asp Leu Cys Phe Ser 



Ser Val Thr He Pro Lys Leu Leu Gin Asn Met Gin Asn Gin Asp Pro 

20 25 30 

Ser He Pro Tyr Ala Asp Cys Leu Thr Gin Met 
35 40 



<210> SEQ ID NO 329 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLF07J GPCR TM2 
<400> SEQUENCE: 329 

Met Tyr Phe Phe Leu Ser Met Leu Ser Thr Ser Glu Thr Val Tyr Thr 
15 10 15 

Leu Val He Leu Pro Arg Met Leu Ser Ser Leu Val Gly Met Ser Gin 
20 25 30 

Pro Met Ser Leu Ala Gly Cys Ala Thr Gin Met 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: OLFOR3mouse GPCR TM2 
<400> SEQUENCE: 330 

15 10 15 

Thr Ser Ser Val Pro Gin Met Leu Lys Asn Leu Trp Gly Pro Asp Lys 

20 25 30 

Thr lie Ser Tyr Gly Gly Cys Val Thr Gin Leu 
35 40 



<210> SEQ ID NO 331 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFrat GPCR TM2 
<400> SEQUENCE : 331 

Met Tyr Tyr Phe Leu Ser Ser Leu Ser Phe Val Asp Leu Cys Tyr Ser 
15 10 15 

Thr Val He Thr Pro Lys Met Leu Val Asn Phe Leu Gly Lys Lys Asn 

20 25 30 

Phe He Thr Tyr Ser Glu Cys Met Ala Gin Phe 
35 40 



<210> SEQ ID NO 332 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFF3rat GPCR TM2 
<400> SEQUENCE: 332 

Met Tyr Phe Phe Leu Ser Asn Leu Ser Phe Val Asp He Cys Phe He 



Ser Thr Thr Val Pro Lys Met Leu Val Asn He Gin Thr Gin Asn Asn 

20 25 30 

Val He Thr Tyr Ala Gly Cys He Thr Gin He 
35 40 



<210> SEQ ID NO 333 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFF5rat GPCR TM2 
<400> SEQUENCE: 333 

Met Tyr Phe Phe Leu Ser Asn Leu Ser Phe Val Asp Val Cys Phe Ser 
15 10 15 

Ser Thr Thr Val Pro Lys Val Leu Ala Asn His He Leu Gly Ser Gin 
20 25 30 



Ala He Ser Phe Ser Gly Cys Leu Thr Gin Leu 
35 40 
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<210> SEQ ID NO 334 
<211> LENGTH: 43 
<212> TYPE: PRT 

:ificial Sequence 

: OLFF6rat GPCR TM2 
<400> SEQUENCE: 334 

Met Tyr Phe Phe Leu Cys Asn Leu Ser Phe Leu Glu lie Trp Phe Thr 

15 10 15 

Thr Ala Cys Val Pro Lys Thr Leu Ala Thr Phe Ala Pro Arg Gly Gly 

20 25 30 

Val He Ser Leu Ala Gly Cys Ala Thr Gin Met 



<211> LENGTH: 43 
<212> TYPE: PRT 



<400> SEQUENCE : 335 

Met Tyr Phe Phe Leu Ala Asn Leu Ser Phe Val Asp He Cys Phe Thr 
15 10 15 

Ser Thr Thr He Pro Lys Met Leu Val Asn He Tyr Thr Gin Ser Lys 

20 25 30 

Ser He Thr Tyr Glu Asp Cys He Ser Gin Met 



<210> SEQ ID NO 336 
<211> LENGTH: 43 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI3rat GPCR TM2 
<400> SEQUENCE: 336 

Met Tyr Leu Phe Leu Ser Asn Leu Ser Phe Ser Asp Leu Cys Phe Ser 

15 10 15 

Ser Val Thr Met Pro Lys Leu Leu Gin Asn Met Arg Ser Gin Asp Thr 

20 25 30 

Ser He Pro Tyr Gly Gly Cys Leu Ala Gin Thr 
35 40 



) 337 



<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: OLFI7rat GPCR TM2 
<400> SEQUENCE: 337 



Met Tyr Phe Phe Leu Ala Asn Met Ser Phe Leu Glu He Trp Tyr V 
15 10 15 

Thr Val Thr He Pro Lys Met Leu Ala Gly Phe He Gly Ser Lys G 



Asn His Gly Gin Leu He Ser Phe Glu Ala Cys Met Thr Gin Leu 
35 40 45 
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<220> FEATURE: 

<223> OTHER INFORMATION: OLFI8rat GPCR TM2 



<400> SEQUENCE: 338 
15 10 15 



Ser Val Thr Met Leu Lys Leu Leu Gin Asn lie Gin Ser Gin Val Pro 

20 25 30 



Ser lie Ser Tyr Ala Gly Cys Leu Thr Gin lie 
35 40 



<210> SEQ ID NO 339 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI9rat GPCR TM2 
<400> SEQUENCE : 339 

Met Tyr Leu Phe Leu Ser Asn Leu Ser Phe Ala Asp Leu Cys Phe Ser 
15 10 15 

Ser Val Thr Met Pro Lys Leu Leu Gin Asn Met Gin Ser Gin Val Pro 
20 25 30 

Ser He Pro Tyr Ala Gly Cys Leu Ala Gin He 
35 40 



<210> SEQ ID NO 340 
<211> LENGTH : 43 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI14rat GPCR TM2 
<400> SEQUENCE: 340 

Met Tyr Leu Phe Leu Ser Asn Leu Ser Phe Ser Asp Leu Cys Phe Ser 
15 10 15 

Ser Val Thr Met Pro Lys Leu Leu Gin Asn Met Gin Ser Gin Val Pro 

20 25 30 

Ser He Ser Tyr Thr Gly Cys Leu Thr Gin Leu 
35 40 



<210> SEQ ID NO 341 
<211> LENGTH: 43 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: OLFI15rat GPCR TM2 
<400> SEQUENCE: 341 

Met Tyr Leu Phe Leu Ser Asn Leu Ser Phe Ser Asp Leu Cys Phe Ser 

15 10 15 

Ser Val Thr Met Pro Lys Leu Leu Gin Asn Met Gin Ser Gin Val Pro 
20 25 30 

Ser He Pro Phe Ala Gly Cys Leu Thr Gin Leu 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: OLFOR17_40 GPCR TM2 
<400> SEQUENCE: 342 

Met Tyr Phe Phe Leu Gly Asn Leu Ser Val Leu Asp Val Gly Cys He 

1 5 10 15 

Ser Val Thr Val Pro Ser Met Leu Ser Arg Leu Leu Ser Arg Lys Arg 

20 25 30 

Ala Val Pro Cys Gly Ala Cys Leu Thr Gin Leu 
35 40 



<210> SEQ ID NO 343 
<211> LENGTH: 43 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: GUST27rat GPCR TM2 
<400> SEQUENCE : 343 

Met Tyr Phe Phe Leu Ser Asn Leu Ser Phe Val Asp He Cys Phe He 

15 10 15 

Ser Thr Thr He Pro Lys Met Leu Val Asn He His Ser Gin Thr Lys 

20 25 30 

Asp He Ser Tyr He Glu Cys Leu Ser Gin Val 
35 40 



<210> SEQ ID NO 344 

<211> LENGTH: 42 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: RPE GPCR TM2 

<400> SEQUENCE: 344 

Cys His Leu Leu Val Leu Ser Leu Ala Leu Ala Asp Ser Gly He Ser 



Leu Asn Ala Leu Val Ala Ala Thr Ser Ser Leu Leu Arg Arg Trp Pro 

20 25 30 

Tyr Gly Ser Asp Gly Cys Gin Ala His Gly 
35 40 



<210> SEQ ID NO 345 
<211> LENGTH: 41 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: HHRF1 GPCR TM2 
<400> SEQUENCE: 345 

Gly Asp Val Tyr Phe He Asn Leu Ala Ala Ala Asp Leu Leu Phe Val 
15 10 15 

Cys Thr Leu Pro Leu Trp Met Gin Tyr Leu Leu Asp His Asn Ser Leu 
20 25 30 



Ala Ser Val Pro Cys Thr Leu Leu Thr 
35 40 
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<220> FEATURE: 

<223> OTHER INFORMATION: HHRF2 GPCR TM2 
<400> SEQUENCE: 346 

Ser Asp Thr Tyr He Cys Asn Leu Ala Val Ala Asp Leu Leu He Val 

15 10 15 

Val Gly Leu Pro Phe Phe Leu Glu Tyr Ala Lys His His Pro Lys Leu 

20 25 30 

Ser Arg Glu Val Val Cys Ser Gly Leu Asn 



<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 



<223> OTHER INFORMATION: HHRF3 GPCR TM2 
<400> SEQUENCE : 347 

Pro Thr He Tyr Met Thr Asn Leu Tyr Ser Thr Asn Phe Leu Thr Leu 
15 10 15 

Thr Val Leu Pro Phe He Val Leu Ser Asn Gin Trp Leu Leu Pro Ala 
20 25 30 

Gly Val Ala Ser Cys Lys Phe Leu Ser 



<210> SEQ ID NO 348 
<211> LENGTH: 41 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: MCP-1A and MCP-1B GPCR TM2 
<400> SEQUENCE: 348 

Thr Asp He Tyr Leu Leu Asn Leu Ala He Ser Asp Leu Leu Phe Leu 



He Thr Leu Pro Leu Trp Ala His Ser Ala Ala Asn Glu Trp Val Phe 

20 25 30 

Gly Asn Ala Met Cys Lys Leu Phe Thr 
35 40 



<210> SEQ ID NO 349 
<211> LENGTH: 41 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: PPRlbovine GPCR TM2 
<400> SEQUENCE: 349 

Thr Asp Val Tyr He Leu Asn Leu Ala Val Ala Asp Leu Phe Leu Leu 

15 10 15 

Phe Thr Leu Pro Phe Trp Ala Val Asn Ala Val His Gly Trp Val Leu 
20 25 30 

Gly Lys He Met Cys Lys Val Thr Ser 
35 40 
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<210> SEQ ID NO 350 
<211> LENGTH: 18 
<212> TYPE: PRT 




<400> SEQUENCE: 350 

Asp Asp He Phe Leu Pro Thr He Tyr Ser He He Phe Leu Thr Gly 

1 5 10 15 



<210> SEQ ID NO 351 
<211> LENGTH : 22 
<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: F-2-1 GPCR CXCR4 
<400> SEQUENCE : 351 

Leu Leu Phe Val He Thr Leu Pro Phe Trp Ala Val Asp Ala Val Ala 

15 10 15 

Asn Trp Tyr Phe Gly Asn 

20 



<210> SEQ ID NO 352 
<211> LENGTH : 23 
<212> TYPE: PRT 

<223> OTHER INFORMATION: F-3-1 GPCR CXCR4 
<222> LOCATION: (23). ..(23) 

<223> OTHER INFORMATION: Xaa = leucinamide 
<400> SEQUENCE: 352 

Lys Ala Val His Val He Tyr Thr Val Asn Leu Tyr Ser Ser Val Leu 

15 10 15 

He Leu Ala Phe He Ser Xaa 

20 



<210> SEQ ID NO 353 

<211> LENGTH: 20 

<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 




<400> SEQUENCE: 353 

Lys Val Tyr Val Gly Val Trp He Pro Ala Leu Leu Leu Thr He Pro 



Asp Phe He Phe 
20 
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<400> SEQUENCE: 354 

His He Met Val Gly Leu He Leu Pro Gly He Val He Leu Ser Cys 
15 10 15 

Tyr Cys He He Xaa 

20 




<222> LOCATION: (20). ..(20) 

<223> OTHER INFORMATION: Xaa = lysinamide 



<400> SEQUENCE: 355 

Ala Leu Ala Phe Phe His Cys Cys Leu Asn Pro He Leu Tyr Ala Phe 

15 10 15 

Leu Gly Ala Xaa 

20 



<210> SEQ ID NO 356 

<212> TYPE : PRT 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<400> SEQUENCE: 356 

His Leu Ser Val Ala Asp Leu Leu Phe Val He Thr Leu Pro Phe Trp 
15 10 15 



Ala Val Asp Ala Val Ala Asn Trp Tyr Phe Gly Asn Phe Leu Cys Lys 

20 25 30 



<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: F-2-8 GPCR CXCR4 
<400> SEQUENCE: 357 

Leu Leu Phe Val He Thr Leu Pro Phe Trp Ala Val Asp Ala Val Ala 

15 10 15 

Asn Trp Tyr Phe Gly Asn Lys Lys 

20 




<400> SEQUENCE: 358 

Val He Thr Leu Pro Phe Trp Ala Val Asp Ala Val Ala Asn Trp Tyr 
15 10 15 



Phe Gly Asn Lys Lys 

20 
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<223> ot: 

<223> OTHER INFORMATION Xaa = acetylated Leu 
<400> SEQUENCE : 359 

Xaa Leu Phe Val He Thr Leu Pro Phe Trp Ala Val Asp Ala Val Ala 

15 10 15 



<210> SEQ ID NO 360 
<211> LENGTH : 24 
<212> TYPE : PRT 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: F-2-6 GPCR CXCR4 
<400> SEQUENCE : 360 

Leu Ser Val Ala Asp Leu Leu Phe Val He Thr Leu Pro Phe Trp Ala 
15 10 15 

Val Asp Ala Val Ala Asn Asp Asp 

20 



<210> SEQ ID NO 361 
<211> LENGTH : 27 
<212> TYPE : PRT 

<223> OTHER INFORMATION: Rhod-AcF-2-2 GPCR CXCR4 
<222> LOCATION: (1)...(1) 

<223> OTHER INFORMATION: Xaa = acetylated Leu 
<221> NAME /KEY : MOD_RE S 

<400> SEQUENCE: 361 

Xaa Leu Leu Phe Val He Thr Leu Pro Phe Trp Ala Val Asp Ala Val 

15 10 15 

Ala Asn Trp Tyr Phe Gly Asn Asp Asp Xaa Asp 
20 25 



<210> SEQ ID NO 362 
<211> LENGTH: 28 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: CCKAR-TM-4-2 (#71) GPCR CCKAR 
<400> SEQUENCE: 362 

Val He Ala Ala Thr Trp Cys Leu Ser Phe Thr He Met Thr Pro Tyr 

15 10 15 

Pro He Tyr Ser Asn Leu Val Pro Phe Thr Asp Asp 

20 25 
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Asp Asp Gin Thr Phe Leu Leu Leu He Leu Phe Leu Leu Pro Gly He 
15 10 15 

Val Met Val Val Ala Tyr Gly Leu 

20 



What is claimed is: 

1. A method of inhibiting the biological activity ol'a target 
(i protein-coupled receptor (( iP( 'R) by contacting a cell that 
expresses said GPCR with an isolated GPCR-modulating 15 
molecule comprising a peptide that has at least five amino 
acids, an N-terminus and a C-terminus, said at least five 
amino acids being identical to the amino acid sequence of a 
portion of a transmembrane domain of said GPCR, wherein 
(a) said molecule has an extracellular end group that is 20 
negatively charged under physiological conditions, an 
intracellular end group with a neutral charge sufficient 
to allow insertion into a membrane under physiological 
conditions, and said molecule comprises the following 
modifications: when said intracellular end group is said 25 
C-terminus, said neutral charge includes a terminal 
carboxylamide group; or, when said intracellular end 
group is said N-terminus, said peptide or peptidomi- 
metic includes at least four of the first five N-terminal 
amino acids having neutrally-charged amino acid side 
chains under physiologic conditions; and at least one of 
the end groups is a group that does not naturally occur 
at that position in the transmembrane sequence; 



(b) said molecule spontaneously inserts into a membrane 
in the same orientation as the transmembrane domain 
from which it is derived, wherein said molecule with- 
out the modifications in (a) does not spontaneously 
insert into the membrane in said orientation; and 

(c) said molecule inhibits a biological activity of said 
GPCR by disrupting the structure or assembly of said 
GPCR, 

wherein the biological activity is selected from the group 
consisting of signal transduction, binding ol'a virus and 
subsequent infection, tumor growth, chemotaxis. mito- 
genic response, cell growth activation, secretion, 
muscle contraction, vasopressing and vasodepressing 
activity, synaptic transmission, and release of intracel- 

2. A method of claim 1. wherein the concentration of the 
molecule is about 0.01 to about 100 micromolar. 

3. A method of claim 1, wherein the molecule inhibits a 
signal transduction of the GPCR. 

4. A method of claim 1, wherein the molecule comprises 
a peptide selected from the group consisting of: 



F-2-2: LLFVITLPFWAVDAVANWYFGNDD 



F-4-2: VYVGVWIPALLLTIPDFIFANDD-OH 



F-7-3: DDEALAFFHCCLNPILYAFL-NH 2 



L LTVPFWAHYAAAQWDFGDD 



5-TM-6-1 : LIFTIMIVYFLFWAPYNIVLLLNTFQED 



CCR2-TM-2-2: LLFL ITLPLWAH SAANEWVFGNDD-OH 
CCR2-TM-4-1: FGWTSVITWLVAVF ASVPGIIFTDD 
CCR2-TM-6-1: VIFTIMIVYFLFWTPYN IVILLNTFQED 



FWTPYNVAILLSSYQSDD 



(SEQ ID NO:l; 



(SEQ ID NO:l 
(SEQ ID NO:l 



(SEQ ID NO: 18) 
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-continued 

From the GPCR CCKAR 

CCKAR-TM-2-2: FLLSLAVSDLMLCLFCM PFNLIDD (SEQ ID NO:22) 



5. A method of claim 1, wherein the target GPCR is 
( '( KAR and the inhibited biological activity is inhibition of 
('( 'KAR-medialed intracellular ( 'a 2+ release. lc 

6. A method ol inhibiting the biological aeti\ itv ol'a target 
( i protein-coupled receptor (X 1P( 'Rj by contacting a cell that 
expresses said GPCR with an isolated GPCR-modulating 
molecule comprising a peptide that has at least live amino 
acids, an N-terminns and a ( '-terminus, said at least live |; 
amino acids being identical to the amino acid sequence of a 
portion ol'a transmembrane domain of said GPCR, wherein 

(a) said molecule has an extracellular end group that is 
negatively charged under physiological conditions, an 
intracellular end group with a neutral charge sufficient 2C 
to allow insertion into a membrane under physiological 
conditions, and said molecule comprises the following 
modifications: said intracellular end group is said C-ter- 
minus and said neutral charge includes a tenninal 
carboxylamide group; and at least one of the end 2 < 
groups is a group that does not naturally occur at that 
position in the transmembrane sequence; 

(b) said molecule spontaneously inserts into a membrane 
in the same orientation as the transmembrane domain 
from which it is derived, wherein said molecule with- 



out the modifications in (a) does not spontaneously 
insert into the membrane in said orientation; and 
(c) said molecule inhibits a biological activity of said 
GPCR by disrupting the structure or assembly of said 
GPCR, 

wherein the biological activity is selected from the group 
consisting of signal transduction, binding ol'a virus and 
subsequent infection, tumor growth, chemotaxis, mito- 
genic response, cell growth activation, secretion, 
muscle contraction, vasopressing and vasodepressing 
activity, synaptic transmission, and release of intracel- 
lular calcium. 

7. The method of claim 6, wherein the molecule com- 
prises a peptide selected from the group consisting of: 



F-7-3: DDEALAFFHCCLNPILYAFL-NH 2 (SEQ ID NO:5) 



